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ABSTRACT OF DISSERTATION

FOURTH AND EIGHTH GRADE STUDENTS’ CONCEPTIONS OF ENERGY FLOW
THROUGH ECOSYSTEMS
This mixed methods status study examined 32 fourth grade students’ conceptual
understandings of energy flow through ecosystems prior to instruction and 40 eighth
grade students’ conceptual understandings of the same topic after five years of daily
standards-based instruction in science. Specific ecological concepts assessed related to:
1) roles of organisms; 2) the sun as the original energy source for most ecosystems; and
3) interdependency of organisms.
Fourth and eighth grade students were assessed using the same three-tiered
forced-choice instrument, with accompanying tasks for students to defend their forcedchoice selections and rate their level of confidence in making the selections. The
instrument was developed for the study by a team of researchers and was based on
similar tasks presented in the research literature. Distractor options were embedded in
each assessment task using common non-scientific ideas also reported in the research
literature. Cronbach’s alpha values at or greater than .992 for each task indicated interrater consistency of task answers, and Rasch analysis was employed to establish the
reliability of the instrument.
Qualitative and quantitative analyses were employed to assess the data. Constant
comparative methods were employed to analyze students’ written responses, which were
coded and grouped into emerging themes. These themes were further developed to
characterize students’ conceptual understandings. Student open responses also were
scored and coded by a team of researchers using a rubric to identify level of scientific
understanding. Quantitative analyses included Rasch analysis used to normalize survey
data. Independent samples t-tests were then employed to compare students’ forced-choice
responses to their written responses and to the confidence ratings, as well as to compare
fourth and eighth grade students’ responses.
Findings indicated that eighth grade students generally outperformed the fourth
grade on both the forced-choice and written responses, but both groups demonstrated
conceptual difficulties in all three topics assessed. Thus, results from the current study

support the assertion that students’ understanding of concepts related to energy flow in
ecosystems is not at the expected level according to national science education standards
and frameworks. Conceptual difficulties identified in the study are discussed along with
implications and curricular recommendations.
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Chapter One: Introduction
Environmental education is an integral part of K-12 life science curricula,
according to the National Science Education Standards (NSES) (National Research
Council [NRC], 1996), the Benchmarks for Science Literacy (American Association for
the Advancement of Science [AAAS], 1993), and the Next Generation Science Standards
(NGSS) (NGSS Lead States, 2013), but in today’s world of high-stakes testing, science in
general—particularly environmental education—has taken a back seat to other subject
areas including reading and mathematics (Dee, Jacob, & Schwartz, 2013; Gruenewald &
Manteaw, 2007). This shift in curricular focus also has led to a change in funding,
limiting the availability of resources for teaching science. It also limits teachers’ ability to
offer authentic learning experiences related to environmental education, and as
recommended in the NGSS (NGSS Lead States, 2013). Concurrently, environmental
issues, such as the depletion of natural resources, global climate change, and air and
water quality have become prominent global concerns, making the teaching of
environmental education a necessity in order for students to become scientifically aware.
Perhaps, then, it is not surprising that a multitude of studies indicate that students
of all levels of K-12 education possess certain tenacious understandings of life science
concepts that are contrary to accepted scientific norms (e.g., Adeniyi, 1985; Barman &
Mayer, 1994; Gallegos, Jerezano, & Flores, 1994; Gotwals & Songer; 2010; Griffiths &
Grant, 1985; Hogan, 2000; Munson, 1994; Özay and Öztas, 2003; Özkan et al., 2004;
Reiner & Eliam, 2001; Stavy, Eisen, & Yaakobi, 1987). These conceptions are
commonly referred to as preconceptions (Ausubel, 1968), non-scientific conceptions
(Palmer, 1999), alternative conceptions (Abimbola, 1988; Scott, Asoko, & Leach, 2007),
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naïve conceptions (Smith & Anderson, 1986) or misconceptions (Hogan & Fisherkeller,
1996; National Research Council, 1997; Pines & West, 1986). In the current study, the
term conceptual misunderstanding will be used. Although an increasing number of
studies have been conducted in recent years regarding students’ ecological conceptual
understandings, most of them have focused on middle and secondary concepts rather than
elementary concepts (e.g., Gotwals & Songer; 2010; Özay and Öztas, 2003). Therefore,
there is continued need to study longitudinal changes in student learning of ecological
concepts from elementary through middle grades. Thus, the purpose of this descriptive
study was to explore fourth and eighth grade students’ understandings of energy flow
through ecosystems.
The study of ecology, particularly concerning how energy flows through
ecosystems, is of major importance for achieving a greater understanding of biological
phenomena and of many environmental issues we face in the world today. These
concepts also are a major focus of life science concepts outlined in the NSES (NRC,
1996), the Benchmarks for Science Literacy (AAAS, 1993), and the NGSS (NGSS Lead
States, 2013). Although an increasing amount of studies have been conducted in recent
years regarding students’ ecological conceptual understandings, most of them have
focused on middle and secondary concepts rather than elementary concepts (e.g., Gotwals
& Songer; 2010; Özay and Öztas, 2003). Therefore, there is continued need to study
longitudinal changes in student learning of ecological concepts from elementary through
middle grades.
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Purpose of Study
Although students are expected to be familiar with basic concepts related to
energy flow, research indicates that children of all ages (K-12) often hold conceptual
misunderstandings about this topic (Adeniyi, 1985; Bell, 1985; Hogan & Fisherkeller,
1996; Munson, 1994; Leach, Driver, Scott, & Wood-Robinson, 1996; Özkan, et al., 2004;
Stavy et al., 1987). What are these conceptual misunderstandings, and how do they
compare to scientific concepts students should understand about energy flow through
ecosystems at various stages in K-12 education? The purpose of this descriptive study is
to examine fourth and eighth grade students’ conceptions of ecological concepts relating
to energy flow through ecosystems. Specific topics assessed include: 1) roles of
organisms; 2) the sun as the primary energy source for most ecosystems; and 3)
interdependency of organisms.
Research Questions
The questions that will guide this study follow.
1. What are fourth grade students’ understandings of selected concepts on energy
flow through an ecosystem prior to instruction?
2. What are eighth grade students’ understandings of selected concepts on energy
flow through an ecosystem after completing four and a half years of standardsbased instruction?
3. How do students’ conceptions of energy flow through an ecosystem differ across
the two grade levels (fourth and eighth grade)?
4. How do fourth and eighth grade students’ conceptions of energy flow through
ecosystems compare to national standards recommendations?
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Rationale
The current proposed study is designed to identify and eighth grade students’
understanding of concepts related to energy flow through ecosystems, which is an
important part of national science education standards (AAAS, 1993; NGSS Lead States,
2013; NRC, 1996). Evidence suggests that students across a wide range of grades hold
many of the same conceptual misunderstandings (e.g., Adeniyi, 1985; Leach et al., 1996;
Özkan et al., 2004). Although an increasing amount of studies have been conducted in
recent years regarding students’ ecological conceptual understandings, most of them have
focused on middle and secondary concepts rather than elementary concepts (e.g., Gotwals
& Songer; 2010; Özay and Öztas, 2003; Özkan et al., 2004; Svendova, 2014), and many
were conducted outside of the United States (Adeniyi, 1985; Barman & Griffiths, 1995;
Chen-Yung & Reping, 2003; Griffiths & Grant, 1985; Leach et al., 1996; Marmaroti &
Galanopoulou, 2006; Özkan et al., 2004; Özay and Öztas, 2003; Stavy, et al., 1987).
Therefore, there is continued need to study longitudinal changes in student learning of
ecological concepts from elementary through middle grades. A current study of students’
conceptual understanding of these U.S. standards-based ecological concepts could help
American teachers select and/or develop curricula on this topic that effectively helps
students confront and revise their conceptual misunderstandings.
Summary
This chapter provided an introduction to the study, including the purpose of the
study, the four research questions used to guide the study development, and the rationale
for the study. The following chapter contains a review of the literature relevant to the
study, including: 1) related elementary and middle school science content standards; 2)
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students’ conceptual misunderstandings of energy flow through ecosystems; and 3) how
students learn and conceptual change.

Copyright © Ashlie Beals Arkwright 2014
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Chapter Two: Review of Related Literature
Introduction
The purpose of this chapter is to review the relevant literature on national
standards, K-12 students’ conceptual misunderstandings regarding energy flow through
ecosystems, and conceptual change literature in relation to how students learn science.
Energy Flow through an Ecosystem: Science Content Standards and Conceptual
Understanding
The following discussion summarizes information regarding: 1) scientific
understandings related to energy flow through an ecosystem that students should acquire
at various stages of their K-12 education; 2) examples of students’ conceptual
misunderstandings of energy flow through an ecosystem at the elementary, middle, and
secondary levels; and 3) factors thought to be most important in developing scientific
conceptual understanding.
The Benchmarks (AAAS, 1993), NSES (NRC, 1996), and the recently released
NGSS (NGSS Lead States, 2013) were designed with the goal of creating a scientifically
literate population and, therefore, they emphasize teaching for understanding rather than
teaching for basic factual knowledge. Concepts relating to energy flow through an
ecosystem are major components of national science education standards and frameworks
at the elementary, middle, and secondary levels. The following sections provide an
overview of specific concepts NRC and the AAAS assert students should know about
energy flow at these levels. Although NGSS were not in existence during the time eighth
grade study participants were completed grades four through eight, recommendations
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from these standards are included in the following discussion to illustrate similarities
across the standards.
Elementary school standards. According to the NSES (NRC, 1996) elementary
students (ages 5-11) should understand that organisms have basic needs, including, but
not limited to, the need of food for energy. They also should understand that organisms
cannot survive if their basic needs are not met. Additionally, students at this level should
understand that plants are energy producers, and they should also develop a basic
understanding of the dependence of animals on plants for food. Finally, students at this
level should be able to predict how basic changes in one population can affect other
populations in an ecosystem, whether positively or negatively.
Similarly, the Benchmarks (AAAS, 1993) recommend that by the end of second
grade students should demonstrate a basic understanding of food chains and the needs of
organisms. By the end of fifth grade, students should understand that all organisms need
an energy source to live and grow, and that most food animals consume can be traced
back to plants.
NGSS (NGSS Lead States, 2013) mirror many of the recommendations appearing
in NSES and AAAS documents on energy flow through an ecosystem. Specifically, NGSS
specify that by the end of second grade students should understand that animals rely on
plants or other animals for food and plants depend on air, water, soil minerals, and light
to grow. Different plants experience different levels of success in various environments
depending on their differing needs for sunlight, water, and other materials. The places
where organisms live often change, and these changes can cause organisms to die. By the
end of fifth grade students should understand the basic needs of organisms, such as food
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and water. Food provides organisms with energy, as well as materials needed for growth
and body repair. Environmental changes can allow some organisms to continue to
reproduce, while others may either move to a different location and still others may die.
Organisms are interconnected in food webs, and the food of almost all organisms can be
traced back to plants. At this level, students should be familiar with the meaning of the
terms producer, consumer, and decomposer and the roles of each of these organisms in
their environments. Thriving ecosystems include organisms whose needs are being met,
but when the balance of the ecosystem is disrupted, such as when a new species is
introduced into the ecosystem, damage can occur.
Middle school standards. National science education standards and frameworks
recommend that middle school students (ages 12-14) should expand their understanding
of energy flow through an ecosystem. More specifically, the NSES (NRC, 1996)
recommend that students at this level should be able to identify sunlight as the primary
source of energy for most of Earth’s ecosystems. Students should also develop a basic
understanding of how plants convert light energy into chemical energy during
photosynthesis. They should then be able to explain how this chemical energy is
transferred from one organism to another in food chains and food webs. Finally, students
should have an understanding of populations, the functions they serve in ecosystems,
limiting factors in an ecosystem, and effects that a change in one population can have on
other populations in the same ecosystem.
Like the NSES, the AAAS Benchmarks (AAAS, 1993) reflect the view that the
middle school years are a time for students to broaden their knowledge of feeding
relationships among populations and to deepen their understanding of energy transfer
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among populations. By the end of eighth grade these standards state that students should
be able to: 1) differentiate between cycling of matter and energy flow; 2) understand how
energy in food molecules is transferred among organisms; and 3) understand how specific
matter and energy are used by populations to function.
Similarly, the NGSS (NGSS Lead States, 2013) specify that by the end of eighth
grade students should understand that producers use light energy to make food from
water and carbon dioxide. This food can either be used by the organisms immediately or
stored for later use. Animals are consumers who obtain energy from eating other
organisms. Aerobic organisms require oxygen to complete chemical reactions
(respiration) to release energy, whereas anaerobic organisms do not require oxygen
during chemical processes that take place to meet their energy needs. Organisms and
populations of organisms are dependent on both biotic and abiotic environmental factors.
Within ecosystems, competition, predation, and mutually beneficial interactions occur,
ultimately affecting the balance of organisms of each species. Food webs are models that
show how energy and matter are transferred among organisms and the environment.
When any part of the ecosystem is disrupted, all of the populations within the food web
may be affected.
High school standards. The NGSS (NGSS Lead States, 2013), the NSES (NRC,
1996), and Benchmarks (AAAS, 1993) emphasize incorporating more abstract
knowledge into the teaching and learning of energy flow in ecosystems in the high school
years (ages 15-18). The NSES assert that high school students should understand key
concepts related to energy flow through the ecosystem at the cellular and molecular
levels, including photosynthesis and respiration. Furthermore, the NSES state that
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students should develop an understanding of the interdependency of organisms and
unidirectional flow of energy within ecosystems, as well as limiting factors and carrying
capacity in ecosystems. Similarly, the Benchmarks (AAAS, 1993) state that by the end of
twelfth grade students should be able to link their understanding of energy flow through
an ecosystem and the conservation of matter in living systems at the molecular level.
Additionally, students at this level should be able to apply their conceptual understanding
of energy flow through ecosystems to describe potential impacts these processes have on
humans, as well as the potential impacts humans can have on ecosystems.
The NGSS (NGSS Lead States, 2013) specify that by the end of twelfth grade
students should build on the understandings about photosynthesis and respiration gained
at the middle school level by not only knowing the reactants and products of the
reactions, but also the molecular composition of the substances involved and that sugar
molecules are made of atoms which can be used to create other substances, such as amino
acids and DNA. During these reactions, energy is transferred between systems of
interacting molecules, but matter and energy are always conserved throughout these
changes, as is also the case in other biological systems. However, only a fraction of the
energy contained in the matter that composes an organism is passed along to the next
successive level in the food chain–the rest is released to its surroundings. Ecosystems
have carrying capacities due to limiting factors in the environment, both biotic and
abiotic. An ecosystem may be resilient and remain somewhat stable over time if physical
or biological disturbances to the ecosystem are modest; however, extreme changes in any
given population within the ecosystem or elsewhere in the environment, including those
caused by human activity, can disrupt the ecosystem and put species at risk of extinction.
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Students’ Conceptual Misunderstandings of Energy Flow through Ecosystems
Despite the emphasis on ecology in the major science standards and frameworks
(i.e., NGSS, NGSS Lead States, 2013; NSES, NRC, 1996; and Benchmarks AAAS, 1993),
research on students’ conceptions of energy flow through ecosystems shows that students
at both the elementary and middle levels demonstrate conceptual misunderstandings
about this topic (Abell & Roth, 1995; Chen-Yung & Reping, 2003; Leach et al., 1996;
Özkan, et al., 2004, 2004; Webb and Boltt, 1990). The following discussion summarizes
the literature on troublesome concepts concerning three subtopics related to energy flow
through an ecosystem: 1) roles of organisms; 2) the sun as the primary energy source for
most ecosystems; and 3) interdependency of organisms.
Roles of organisms. Although the NGSS (NGSS Lead States, 2013), the NSES
(NRC, 1996), and Benchmarks (AAAS, 1993) state that by the end of middle school
students should understand the roles of organisms in their environment, studies show that
students at all levels of K-12 education struggle with these concepts (Hogan and
Fisherkeller, 1996; Munson, 1994; Özkan, et al., 2004; Özay and Öztas, 2003; Stavy et
al., 1987). For example, students demonstrate difficulty with the concept of niche. In his
meta-analysis on students’ ecological conceptual misunderstandings, Munson (1994)
found that, although some students are familiar with the term niche, they were more
familiar with the common usage of the term—a person’s suitable place or position—
rather than the scientific conception of an organism’s unique role in an ecosystem.
Furthermore, Munson asserts that students often believe that the niches of species are
general in nature and are like those of other similar species. For example, students might
believe that the elimination of walleye pike from a lake would be inconsequential
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because a similar species, such as northern pike, would fill in for the eliminated species.
However, in reality a change in the Walleye population would affect many other
organisms directly and indirectly in the ecosystem.
Second, students demonstrate difficulty identifying the roles of more specific
groups of organisms in an ecosystem. Hogan and Fisherkeller (1996) interviewed four
fifth grade and four sixth grade students in an urban region of the Mid-Atlantic U.S. to
ascertain their understanding of decomposition and other topics related to matter cycling.
They found that students did not have a scientific understanding of the role of
decomposers in an ecosystem; some students thought things that were once living simply
disappear. Likewise, in their study on 58 seventh grade urban Turkish students’
understanding of ecological concepts, Özkan et al. (2004) identified three major
conceptual misunderstandings regarding the role of decomposers in an ecosystem. These
included: 1) decomposers eat dead organisms to keep the environment clean; 2)
decomposers are insignificant because they are only found on dead organisms; and 3)
decomposers do not affect ecosystems because they are microscopic. The researchers
employed forced-choice instruments with individual interviews to substantiate their
findings on students’ understandings. Given the importance of decomposers in
ecosystems, it is troubling that students demonstrate a lack of understanding of their role.
Another group of organisms about which students demonstrate conceptual
misunderstanding is producers. Although this concept is introduced in the elementary
grades and further developed through the secondary level, students have shown limited
understanding of the importance of plants in an ecosystem. For example, Stavy et al.
(1987) found that few of the 33 Israeli eighth and ninth grade students (ages 13-15) they
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interviewed identified plants as producers, and those who did were unable to explain
what plants produce or identify the raw materials that are used in the process.
Furthermore, Özay and Öztas (2003) found that, of the 88 Turkish ninth grade students
they assessed through an open-ended written questionnaire, only 20% properly
understood why plants are called producers and only 25% connected the process of
photosynthesis with animals’ dependence on plants.
Sun as the original source of energy for most ecosystems. The NGSS (NGSS
Lead States, 2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993) clearly state
that middle school students should be able to identify the sun as the original source of
energy for most ecosystems; however, research findings on students’ understandings in
this area are somewhat mixed (e.g., Adeniyi, 1985; Bell, 1985; Cañal, 1999; Hogan &
Fisherkeller, 1996; Marmaroti & Galanopoulou, 2006; Svendova, 2014; Webb and Boltt,
1990). Marmaroti and Galanopoulou found that 80% of the 13 year-old Greek students
they assessed through a forced-choice questionnaire identified the sun as the energy
source for photosynthesis. However, when asked to identify the type of energy the sun
provided plants for this process, students were unable to correctly identify light energy.
Hogan and Fisherkeller reported similar findings from their interviews with fifth and
sixth grade students in an urban region of the Mid-Atlantic U.S. Specifically, children at
this level had difficulty correctly identifying the role of sunlight in an ecosystem.
Furthermore, students confused nutrients with energy and identified soil, air, water, and
sun as food sources for plants. In one of their examples, a student explained, “Plants get
food, nutrients, and water from soil. They also get food from sun—sunlight shines on the
roots and makes the plants grow” (p. 955). Similar to Hogan and Fisherkeller’s findings,
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Svendova’s (2014) study of 11-14 year-old students from the Czech Republic revealed
that students believed that water with dissolved mineral substances was the most
important food source for plants.
Additionally, Özkan et al. (2004) found that many of the 56 seventh grade urban
Turkish students they assessed through interviews and an ecology concept forced-choice
test held the conceptual misunderstandings that energy cannot pass from one living thing
to another, and that each organism had its own energy. For example, one student, when
asked how organisms use the sun’s energy, responded, “We cannot use sun energy
directly, sun generates heat and we use this heat to survive” (p. 101). This student’s
response is an example of teleological thinking, which Kelemen (1999) defines as a goaldriven view of an organism’s purpose or function. Other studies (e.g., Clough and WoodRobinson, 1985; Kelemen, Rottman, and Seston, 2013; Leach, et al., 1996) have shown
individuals of all ages exhibit teleological thinking as they reason that people’s actions
are directed at certain goals, and objects, such as pieces of furniture, and biological
structures, such as eyes, are each designed to fulfill some intended purpose. For example,
Clough and Wood-Robinson found that two-thirds of the 12-14 year-old students they
interviewed demonstrated teleological thinking when asked to interpret instances of
biological adaptation. Though Clough and Wood-Robinson did observe some progress
towards improved scientific understanding in the 16 year-old students they studied,
roughly half of those students also demonstrated teleological thinking by somehow
indicating that adaptations are the result of some grand purpose of design. Leach et al.
also observed teleological reasoning in the 5-16 year old students they studied. An
example of this type of reasoning is that plants remove carbon dioxide from the
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atmosphere for the well-being of humans and other animals.
Other studies suggest that many students, even those at the secondary level, think
sun is just one of several energy sources for a terrestrial ecosystem. For example, in a
study of Nigerian students, ages 13-15, Adeniyi (1985) found, through essay tests and
interviews, that many students believed energy is transferred to plants through nutrients
in the soil, such as water. Simpson and Arnold (1982a) reported similar results for the
113 U.S. students, ages 11-16, they interviewed. Furthermore, many of the 11-16 yearold Czech students that Svendova (2014) assessed believed that the most significant food
source for plants is water with dissolved mineral substances. The results from these
studies are troubling. Furthermore, although many of these studies were conducted
outside of the United States, they demonstrate the need for more research on U.S.
students’ understandings of photosynthesis and other ecological concepts, considering the
emphasis the NGSS, the NSES, and Benchmarks (AAAS, 1993; NGSS Lead States, 2013;
NRC, 1996) place on students’ understanding of them, particularly at the middle school
level.
Interdependency of organisms. Another troublesome area for students
specifically relates to their understanding of the interdependence of organisms portrayed
in food chains and food webs (Abell & Roth, 1995; Adeniyi, 1985; Barman & Mayer,
1994; Chen-Yung & Reping, 2003; Gotwals & Songer, 2010; Hogan, 2000; Hogan &
Fisherkeller, 1996; Leach et al., 1996; Marek, 1986; Özkan et al., 2004; Reiner & Eliam,
2001). When studying sixth grade U.S. students’ understanding of food chain and food
web disturbance, Hogan found that, even after instruction, students struggled with
understanding the multiple pathways in food webs and, instead, were more likely to use
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one-way, linear reasoning to explain disturbances in food webs. For example, given the
food chain berries  rabbit  owl within a food web, students might trace the effects in
a food web from the rabbit to the owl but not from the rabbit to the berries. Similarly,
Barman and Mayer found that high school students in the Midwestern U.S. struggled
with providing scientific explanations of how a change in one population in a food web
affected other populations in the food web. Reiner & Eliam found that ninth grade Israeli
students struggled with understanding how the removal of one organism from a food
chain would affect other organisms in the ecosystem. Students thought that if one
organism was removed then all organisms below that organism would increase and all
organisms above it would disappear from the ecosystem. Similarly, Gotwals and Songer
found that the urban Central U.S. sixth grade students they studied struggled to explain
what might happen when an ecosystem is disturbed. Chen-Yung and Reping found that
68% of the seventh grade Taiwanese students they assessed through concept-mapping
demonstrated limited understanding of food chains. Some of these students included key
terms related to food chains, such as producers, consumers, and decomposers, in their
concept maps, but they showed a weak understanding of the relationships between these
organisms. Similarly, many of the fifth and sixth grade urban Mid-Atlantic U.S. students
Hogan and Fisherkeller interviewed were unable to correctly identify the meaning of the
word consumer. Other students in their study successfully provided examples of food
chains, but demonstrated limited understanding of the interdependency of organisms
represented in the food chains, especially the dependency of primary consumers on plants
at the base of a food chain. For example, when one student who was interview by Hogan
and Fisherkeller was asked why organisms who do not eat plants still depend upon them,
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he responded, “Well, they don’t need green plants to live. They live on the things that
don’t eat green plants, or don’t eat anything else but living things” (p. 956). Furthermore,
Leach et al. found that students ages 5-16 had difficulty expanding the predator−prey
relationship between two organisms to a similar relationship between two populations
within an ecosystem. Conversely, Hogan found that students demonstrated greater
proficiency in regards to the effect that a decrease in predators has on the populations of
its prey. Finally, Marek found that the 58 tenth graders he studied in an urban region of
the Midwest U.S. showed a normal distribution of scores on classroom exams regarding
food chains, but only 2% of the students demonstrated a strong understanding of food
chains on an essay assessment after two weeks of traditional ecology instruction. He
concluded that students had sufficient knowledge to reason correct responses on objective
examinations, but their limited understanding of food webs and food chains was
insufficient for them to adequately describe the interactions among organisms in a food
chain or food web. This disconnect between students’ understanding of interactions
between organisms and their ability to correctly represent them in a food chain or food
web was a common area of difficulty for students in several noteworthy studies (e.g.,
Chen-Yung & Reping, 2003; Marek, 1986).
Students’ conceptual difficulties regarding energy flow through ecosystems also
extend to energy pyramids. Abell and Roth (1995) found that many students in the one
classroom of U.S. fifth grade students they studied held the conceptual misunderstanding
that energy pyramids represent the space needs of organisms rather than the trophic levels
and energy relationships among populations. More specifically, their drawings of the
energy pyramid were more analogous to rectangular prisms than pyramids as each
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successive trophic level was illustrated with equivalent areas. Student interviews further
exposed this conceptual misunderstanding. Adeniyi (1985) found that the 13-15 year-old
Nigerian students he studied struggled with explaining why energy pyramids assign more
area to producers than to consumers in successive levels. He also found that these same
students had difficulty explaining why available energy decreases from the producer level
to the consumer level. One example a student gave to describe this decrease in energy
across the ecosystem was that energy evaporates into the air during respiration.
Considering the limited understanding elementary and middle school students
have demonstrated regarding food chains, food webs, and energy pyramids, it is not
surprising that students at these levels also experience difficulty with concepts related to
the interdependency of organisms in an ecosystem (Adeniyi, 1985; Leach et al., 1996;
Özkan et al., 2004). By the end of middle school, students should have an understanding
of how organisms interact with other organisms and abiotic factors within their
environment, and how a change in one population will affect other populations within the
same ecosystem (NRC, 1996). However, these research studies (Adeniyi, 1985; Leach et
al., 1996; Özkan et al., 2004) on students’ understanding of these concepts have revealed
further conceptual difficulties regarding interdependency between biotic and abiotic
factors in ecosystems.
Students’ conceptual difficulties appear to be centered on the interdependency of
organisms on biotic and abiotic factors in an environment. For example, Adeniyi (1985)
found through classroom observation, essay test answers, and clinical interviews that
some Nigerian students (ages 13-15) believed that living and non-living factors within an
ecosystem do not interact. Conversely, Özkan et al. (2004) found through individual
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student interviews and a two-tiered forced-choice test with explanations that Turkish
seventh grade students often believed that a change in the size of one population within a
food web initiated the same change in all other populations within the same web. For
example, if the population of a particular species of primary consumers, such as a rabbit,
were suddenly to increase, students who hold a conceptual misunderstanding of food
webs might believe that the increase in the rabbit population would cause an increase in
the grass on which the rabbit feeds. Additionally, Leach et al. (1996) found that the
British students (ages 5-16) they studied through written tasks and individual interviews
had difficulty explaining the relationships among populations in a food web.
Furthermore, they had difficulty identifying the effects a change in one population could
have on other populations within the same food web. They were better able to trace the
effects of a population change up through trophic levels in a food web than in the reverse
direction. Webb and Boltt (1990) found that South African high school and college
students also have difficulty using food webs to predict the effect of changes within the
ecosystem. They found that a majority of the students they studied could accurately
predict the probable effect of removing one organism in a food chain would have on
another organism within the same food chain, but they had difficulty extending the
effects across the entire food web.
In summary, students in the previously mentioned studies (Abell & Roth, 1995;
Adeniyi, 1985; Bell, 1985; Cañal, 1999; Chen-Yung & Reping, 2003; Hogan &
Fisherkeller, 1996; Leach et al., 1996; Marek, 1986; Özkan et al., 2004; Marmaroti &
Galanopoulou, 2006; Munson, 1994; Özay and Öztas, 2003; Stavy et al., 1987; Webb and
Boltt, 1990) demonstrated conceptual difficulty with a variety of ecological concepts,
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including the source of energy for ecosystems, the roles of organisms in ecosystems, and
interdependency of organisms. More specifically, students experienced difficulty with
understanding the concept of niche and the roles of specific groups of organisms, such as
producers and decomposers, in ecosystems (e.g., Munson, 1994; Özkan et al., 2004).
Students also demonstrated a limited understanding of light energy from the sun as the
original and sole source of energy for most ecosystems on earth (e.g., Adeniyi, 1985;
Hogan and Fisherkeller, 1996). Finally, students demonstrated weak conceptual
understandings of the relationships between organisms in ecosystems (e.g., Adeniyi,
1985; Leach, et al., 1986), including, but not limited to, conceptual misunderstandings
regarding the dependency of all organisms on plants, the effect of a change in one
population on other populations within the same ecosystem, and the function of energy
pyramids. Considering that most of these studies took place outside of the U.S. and prior
to 2000, more current studies of U.S. students’ conceptions of these concepts are
warranted.
How Students Learn Science: Conceptual Change
In order to address the widespread and pervasive nature of students’ conceptual
misunderstandings of ecological concepts, educators must first become familiar with how
students learn and the process of conceptual change. Learning is a natural process that
occurs as individuals observe and construct explanations of phenomena. As learning and
cognitive development occur individuals construct frameworks consisting of networks of
individual concepts and bits of information. Then as new information is introduced,
individuals may need to restructure existing frameworks or create new ontological
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categories in an attempt to understand and make sense of the world around them. This
process is referred to as conceptual change.
The Conceptual Change Model, developed by Posner, Strike, Hewson, and
Gertzog (1982) and influenced by the work of Kuhn (1962) and Piaget (1970), has
shaped science education in the past several decades by suggesting how learners modify
their existing conceptual frameworks of scientific phenomena. Kuhn asserted as
individuals encounter information that contradicts their beliefs, assumptions, and/or
practices—also known as paradigms—the incongruity between new information and
existing knowledge structures will cause them to shift from one paradigm to another or to
form a new paradigm. The process does not necessarily occur in a linear progression, but
initiates change in thinking. Kuhn argues this is the process for the development of
scientific knowledge. Piaget (1970) asserted as a child encounters a new concept that is
consistent with existing schema—cohesive, repeatable sequence of patterns that are
tightly interconnected and directed by a core meaning—assimilation occurs. If an
existing schema does not work as new information is assimilated, disequilibrium occurs
and the learner will seek to modify the existing schema in an attempt to restore
equilibrium. Piaget called this process of modifying an existing schema or creating an
entirely new schema accommodation. Equilibration is the driving force behind the
learning process, and intellectual growth occurs as learners continually balance the
processes of accommodation and assimilation.
Posner, et al. (1982) drew on Kuhn (1962) and Piaget’s (1970) work contending
conceptual misunderstandings learners often develop through formal and informal
learning experiences must first be identified and addressed. Learners need opportunities
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to struggle to explain phenomena in order to become dissatisfied with their existing
conceptions. It is at this point that learners are willing and interested in exploring new
ideas. Posner et al. note that new ideas must be intelligible, fruitful, and plausible before
they may be considered acceptable. Hewson (1981) also asserts that conceptual change
begins as the status of existing conceptions is lowered in relation to new conceptions.
While low status conceptions may be intelligible to the learner, high status conceptions
are intelligible, plausible, and fruitful. In other words, the new concepts make sense to the
learner, are believable, and are viewed as being advantageous to the learner. In addition,
the learner must be able to successfully apply new concepts to explain real-life problems
or experiences. Conceptual change occurs as high status conceptions replace or alter low
status conceptions. This process may be more gradual or may involve a Gestaldt-type
restructuring of ideas (Kuhn, 1962), though evidence indicates that the former process
occurs more frequently than the latter (Hatano & Inagaki, 1994; Vosniadou, 2003). Thus,
conceptual change begins with the learner becoming discontent with current conceptual
understanding and in need of new ways to explain phenomena. It is at this point current
concepts becomes less fruitful and are assigned lower levels of usefulness. New ideas that
are intelligible, fruitful, and plausible are given higher priority, and are tested for their
ability to explain natural phenomena. Successful application of new ideas increases their
level of importance and acceptance and accommodation into a learner’s schema.
Reinforcement of new ideas in multiple applications helps to integrate the new ideas into
learners’ schema (Posner, et al., 1982).
Conceptual change can take place outside of school settings as well as through
deliberate instruction (Vosniadou, 2008). Desirable instruction-induced conceptual
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change is particularly difficult to achieve. Traditional instruction frequently seems to lead
to the formation of conceptual misunderstandings (Vosniadou, 2008). Schools, which
historically have been information-giving institutions and slow to align with national
content standards, can produce learners that possess weak and fragmented conceptual
frameworks.
Although prior knowledge can be changed or refined in light of new evidence,
many students’ conceptions, particularly in the area of science, contradict accepted
scientific knowledge and can be resistant to change. Learners do not have the impetus to
consider new ideas when their existing conceptions have been fruitful, intelligible, and
plausible. However, building on faulty scientific conceptions creates more learning
challenges. Thus, prior knowledge may hinder the development of scientific
understanding (Driver, 1989; Osborne & Freyberg, 1975, Posner, et al., 1982).
Furthermore, existing conceptual misunderstandings influence learners’ interactions with
new problems and ideas. In other words, there are web-like connections between
concepts that complicate correcting conceptual misunderstandings. Revisions to one
concept often lead to essential changes of other concepts in the web, necessitating
changes to the entire schema (Özdemir & Clark, 2007).
Views on conceptual change. Research over the past three decades has initiated
debate on conceptual change in science. Consequently, four additional schools of thought
on conceptual change are currently applied in science education research. An
understanding of these theories is useful in exploring how students learn science, and
how conceptual misunderstandings arise and confound students learning of science.
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These schools of thought include the Theory Change View, the Ontological Shift View,
the Framework Theory View, and the Knowledge in Pieces View.
Theory change view. The Theory Change View (Carey, 1985; Smith, 1991)
asserts that learners’ existing concepts comprising intuitive theories about scientific
phenomena require substantial restructuring in order to resemble theories held by
scientists. Conceptual change will take place, according to Smith (1991), if a learner is
dissatisfied with his or her current understanding of the concept and if there is an
intelligible, plausible, and fruitful alternative to his or her existing understanding.
According to Carey (1991), change between concepts may be achieved through
replacement (one concept displacing another concept), differentiation (a splitting of one
concept into two or more new concepts), or coalescence (two or more concepts merging
into a single concept). Furthermore, restructuring of concepts and conceptual
frameworks, according to Carey (1985), can be weak or strong in nature. Weak
restructuring is typically an incremental change that occurs as the relations between
concepts changes. For example, simply telling a learner additional information about a
concept may result in weak restructuring as the relationship between concepts is altered.
Conversely, strong restructuring occurs when concepts themselves are altered rather than
simply changing the relations between concepts, thus creating a more cohesive
conceptual framework.
Ontological shift view. A second view regarding conceptual change, which is
tangentially related to the theory change view, is also known as the Ontological Shift
View (Chi, 1992; Chi & Slotta, 1993). This view asserts that conceptual change involves
the identification and subsequent repair of misconceptions. The repair process consists of
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constructing new ontological categories, if one does not already exist in the learner’s
framework, and then reassigning naïve concepts to these new, correct categories. In order
to establish reliable ontological categories, numerous instructional experiences are
necessary. These experiences include purposeful explorations where students must
explain phenomena, test existing ideas, compare learned knowledge to original ideas, and
reflect on their learning. In this way, instruction can introduce students to the properties
of new ontological categories and allow learners to correctly assimilate newly-acquired
knowledge into them.
Framework theory view. The Framework Theory View (Vosniadou, 2008), a
third view regarding conceptual change, elaborates on the formation of naïve conceptions
while building on ideas from the Theory Change View and Ontological Shift View.
Vosniadou suggests that students’ existing conceptual frameworks influence how new
ideas are assimilated. Furthermore, the acquisition of scientific concepts requires
conceptual change, which can be particularly difficult to achieve. This is because these
concepts are initially embedded within larger theories, which are supported by numerous
naïve beliefs and observations. Traditional instructional can frequently lead to the
formation of conceptual misunderstandings or synthetic models. Synthetic models are
attempts to merge scientific explanations with learners’ initial conceptions as new,
counter-intuitive scientific concepts are assimilated incorrectly into students’ existing
naive knowledge structures (Vosniadou & Brewer, 1992; Vosniadou & Skopeliti 2005).
For example, a child might initially believe the Earth is flat. As she continues her
learning, she may revise her conception of Earth’s shape to that of a hollow sphere to
account for learning that the Earth is round, but she may include a flat disk inside the
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sphere to account for her belief that the earth is flat. In her view of the world, the earth
appears flat so the inner disk would help her account for the apparent flatness of earth and
the sky she observed. As her learning progresses, she may further develop her model to
remove the flat disk and create a model of earth more like the sphere accepted in science
today.
Synthetic models often contain distortions of concepts but may also serve as a
possible pathway to scientific understanding of a concept. As students revise their initial
conceptual systems by adding scientific elements, strategic classroom instruction should
guide them to change interfering ontological commitments and create larger scientific
theoretical constructions (Vosniadou & Ioannides, 1998).
Knowledge in pieces view. The fourth view regarding conceptual change is the
Knowledge in Pieces View (diSessa, 1988), which suggests that conceptual change
involves the reorganization and integration of different pieces of fragmented or naïve
information into complex understandings. These basic elements of reasoning are referred
to as phenomenological primitives, or p-prims. According to diSessa (1993), p-prims cut
across topics and, therefore, in order for conceptual change to occur instruction must be
aimed at more global attributes, rather than addressing specific misconceptions.
Furthermore, formal scientific knowledge develops through refining intuitive knowledge.
This view is disputed by Vosniadou, who argues that naïve physics is not a collection of
p-prims that need to be replaced through instruction, but rather “a complex conceptual
system that organizes children’s perceptual experiences and information they receive
from the culture into coherent explanatory frameworks that make it possible for them to
function in the physical world” (p. 61). Chi and Slotta (1993) also disagree with diSessa’s
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and propose a theory of ontological categories rather than a theory of knowledge
fragments.
Summary. Regardless of the conceptual change view to which teachers subscribe,
it is critical that they assess and activate students’ understanding of a topic both prior to
and during the instructional process (Driver, Guesne, and Tiberghien, 1985; Vosniadou,
2008). Bransford, Brown, and Cocking (1999) assert that if students’ initial conceptions
are not assessed prior to classroom instruction and confronted during instruction students
may either fail to gain a scientific understanding of concepts or may temporarily
demonstrate scientific understandings on tests but eventually revert to their original
conceptual misunderstandings. Furthermore, Osborne and Freyberg (1985) assert that
teachers who choose a didactic approach to instruction, including lectures and the use of
textbook-based materials, without considering students’ prior conceptions may be able to
help students successfully demonstrate proficiency on objective assessments without
successfully altering students’ conceptual misunderstandings.
Summary
Energy flow through ecosystems is an integral part of K-12 life science curricula,
according to the NGSS (NGSS Lead States, 2013), the NSES (NRC, 1996), and
Benchmarks (AAAS, 1993). By the end of eighth grade students should demonstrate a
basic understanding of: 1) roles of populations of organisms in an ecosystem; 2) the role
of the sun as a primary energy source for most ecosystems; and 3) interdependency of
populations of organisms. However, many notable studies reveal that K-12 students lack
an understanding of key standards-based concepts relating to energy flow through an
ecosystem (e.g., Bell, 1985; Hogan & Fisherkeller, 1996; Munson, 1994; Özkan, et al.,
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2004, 2004; Stavy et al., 1987). Taken together, the group of studies reviewed in this
chapter supports the assertion that many students are entering high school without the
foundational knowledge necessary to successfully construct understanding of energy flow
through an ecosystem and the interdependency of organisms in this process. Without this
foundation, students likely will have difficulty building on these concepts at the
secondary level and beyond.
Further Research
The studies reviewed in this chapter also support the assertion that students bring
to the classroom commonly-held beliefs about energy flow concepts, many of which are
non-scientific (Ausubel, 1968, Driver et al., 1994, Osborne and Freyberg, 1985,
Vosniadou, 1994). In order to help students develop durable scientific understandings,
Osborne and Freyberg suggest that teachers first identify students’ conceptual
understanding of a topic. The studies cited in this chapter provide a window through
which to view students’ conceptual difficulties regarding energy flow through an
ecosystem prior to and after instruction. However, few U.S. standards-based status
studies regarding students’ conceptions of energy flow through an ecosystem exist,
particularly at the elementary and middle school levels. The current study is designed to
fill this gap in the literature by assessing fourth and eighth grade students’ conceptions of
these important standards-based ecological concepts.
Finally, more status studies at both the elementary and middle school levels that
employ open-ended questioning techniques as sources of data could further clarify
students’ conceptual misunderstandings. Such studies could make significant
contributions to the literature, since they would provide a picture of students’ conceptual
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understandings at different grade levels. Furthermore, two of the more well-respected and
widely-cited studies regarding students’ conceptions of energy flow through ecosystems
(Adeniyi, 1985; Leach et al., 1996) are over a decade old and took place outside of the
United States where the NGSS (NGSS Lead States, 2013), the NSES (NRC, 1996), and
Benchmarks (AAAS, 1993) hold little value in guiding the development of instructional
sequences. Leach et al. state that “Children’s thinking about particular phenomena is
influenced both by social factors and by experience with phenomena” (p. 724). Since
their study took place in the United Kingdom, one might argue that some of their findings
might be particular to instruction in that region. Adeniyi’s study took place in Nigeria.
She has encountered additional criticism because of her use of highly technical language
in the wording of questions that were given to students. This factor raises doubt about
whether the conceptual misunderstandings she reported are real or are a product of
students’ failure to understand the meaning of the questions they were asked. Considering
the limitations of previous research, the present study aims to fill part of the void in the
literature by assessing students’ conceptual understanding of selected standards-based
energy concepts across grades 4-8. Furthermore, the students assessed will have been
engaged in science instruction that is consistent with the NGSS (NGSS Lead States,
2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993), as well as contemporary
conceptual change theory (Vosniadou, 1994).
The purpose of the current study is to examine students’ conceptual understanding
of energy flow through an ecosystem. More specifically, students will be assessed
through forced-choice assessments with written explanations and accompanying
confidence ratings on their understandings of the sun as the original source of energy in
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most ecosystems, the roles of organisms, and the interdependency of organisms in
ecosystems.
The purpose of this chapter was to review the literature relative to this study. In
the following chapter the methodology for the study is outlined.
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Chapter Three: Methods
Introduction
This mixed-methods status study assessed fourth and eighth grade students’
understandings of selected concepts on energy flow through ecosystems prior to
instruction. Grades four and seven represent critical years for science accountability
assessments in the state where the study was conducted, and are of great interest to
teachers, science educators, and administrators who are concerned about improving
student achievement in science. Furthermore, the NGSS (NGSS Lead States, 2013), the
NSES (NRC, 1996), and Benchmarks (AAAS, 1993), emphasize the importance of
building a scientific understanding of energy flow-related concepts at the elementary
(grades K-4) and middle school (grades 5-8) levels. Thus, students in grades four and
eight are viewed as ideal choices for this investigation. The questions that will guide this
study follow.
1. What are fourth grade students’ understandings of selected concepts on energy
flow through an ecosystem prior to instruction?
2. What are eighth grade students’ understandings of selected concepts on energy
flow through an ecosystem after completing four and a half years of standardsbased instruction?
3. How do students’ conceptions of energy flow through an ecosystem differ across
the two grade levels (fourth and eighth grade)?
4. How do fourth and eighth grade students’ conceptions of energy flow through
ecosystems compare to national standards recommendations?

31

The following sections will delineate the methodology employed in this study, and
outline the procedures and methods used in data collection and analysis.
Study Methods
This descriptive study is mixed-methods status study of fourth and eighth grade
students’ understanding of selected concepts related to energy flow through ecosystems.
Students were assessed through a three-tiered forced-choice instrument, which also
requested levels of confidence in making the forced-choice selections and explanations to
defend forced-choice selections, including examples or justification of their answer
selections (Tamir, 1989; Tregust, 1988). The purpose of this strategy was to assess
students’ understandings of selected energy flow concepts that have been identified in the
literature as being particularly troublesome for students. Written responses were scored
and then coded by a team of researchers, based on themes that emerged from students’
responses (Coffey & Atkinson, 1996; Strauss & Corbin, 1990). A pilot study was
conducted in order to tentatively identify categories for responses and refine any vague
questions or initial coding categories that were not supported by the data (Coffey &
Atkinson, 1996). The purposeful use of simplified terminology was employed so the
instrument could be used with both fourth and eighth grade students. This was done in
reaction to outcomes from Adeniyi’s (1985) study where vocabulary was at issue, and in
an attempt to minimize the possibility of students answering questions incorrectly when
they might otherwise demonstrate conceptual understanding if more simplified
terminology was employed. Even still, the discretion of the team of researchers who
developed the assessment instrument and assessment rubric can be considered a
reflection of their personal biases towards the use of vocabulary.
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The team of researchers, which included a tenured biology faculty member, a
tenured science education faculty member, and the author of the study first developed a
rubric to analyze student responses for accuracy of understanding. Subsequently, team
members worked independently, and then as a team, to analyze assessment instruments.
They adapted Trundle, Atwood, and Christopher’s (2002) delineation of scoring levels
and created a rubric (Figure 1) to classify each student response as scientific and indepth, scientific but not in-depth, partially scientific with no non-scientific fragments,
partially scientific with non-scientific fragments, or non-scientific based on the degree to
which student responses reflect accurate scientific explanations of assessed phenomena.
For example, both level 5 and level 4 responses were classified as scientific, in
accordance with the NSES, including key vocabulary from national standards documents
(NRC, AAAS), but level 5 responses were deemed more in-depth than level 4 responses.
Level 3 responses also contained only scientific information but were missing key pieces
of information that, according to the team of researchers, were deemed necessary to
classify the response at either levels of 4 or 5. Level 2 responses contained both scientific
fragments and evidence of conceptual misunderstandings. Level 1 responses were
deemed completely non-scientific, and level 0 responses were either blank or illegible.
The general scoring rubric (Figure 1) was then adapted to create a specific rubric
for each task (Appendix A). Subsequently, the team of researchers compared student
responses to these rubrics in order to determine the level of response. Level 4 and level 5
responses typically included proper use of basic vocabulary, such as producers,
consumers, and decomposers. Responses at levels 3 and below were not required to
include key vocabulary terms but might have included responses where vocabulary was
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not accurately used to explain assessed scientific phenomena, or ideas that were not well
developed.
After the rubric was developed and refined, researchers used it separately to score
sample student responses and then came together to discuss outcomes. When
discrepancies arose in scoring, the team reviewed and discussed the responses until
consensus was reached.
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Figure 1
Generalized Rubric for Assessing Students’ Written Explanations
5 – Scientific; in-depth response
o Response reflects in-depth scientific understanding according to the National
Science Education Standards (NRC, 1996)
4 – Scientific; not in-depth response
o Response reflects basic scientific understanding according to the National
Science Education Standards (NRC, 1996)
 May include scientific justification for selecting correct response and
not other options
 May include correct scientific reasoning in rationale to correctly
eliminate a response
 Correct forced-choice explanation
3 – Partially scientific with no non-scientific fragments
o Correct forced-choice response is selected
o Includes weak justification (e.g., “seems”) or appears to be guessing with no
non-scientific conceptions
 May name concept/phenomenon without justification
 May indicate no other viable options
2 – Partially scientific with non-scientific fragments
o Explanation includes non-scientific fragments and/or overgeneralizations
o May select correct response, but explanation includes non-scientific fragments
OR
o Selects incorrect response AND explanation includes both scientific and nonscientific scientific fragments
1 – Non-scientific rationale
o Selects incorrect response AND explanation is non-scientific or too vague to
demonstrate scientific understanding
o Response indicates guess (e.g., rationale based on picture), even if correct
forced-choice option is selected
o Inaccurate or non-scientific justification (e.g., “based on my knowledge…”)
o No scientific support (e.g., my teacher taught me this)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/process of elimination (e.g., “I guessed”; “process of elimination”
without justification or scientific reasoning)
A constant comparison method (Glaser & Strauss, 1967) was employed to analyze
student explanations defending forced-choice answer selections, whereby indicators,
concepts, and categories developed from the data. The data were constantly questioned
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and analyzed by the team of researchers “to ensure that empirical data, and not their
impressions, drive their findings” (Hatch, 2002, p. 14). In this way, theory could be
discovered from the data, which is the basis of grounded theory, according to Glaser and
Strauss. This meant the categories were refined as needed, which resulted in the
formation of new categories and/or recategorizations of student responses. Additionally,
hallmarks of a postpositivist paradigmatic framework (Cook & Campbell, 1979; Guba &
Lincoln, 1994; Hatch, 2002) also influenced the data analyses since the forced-choice
tests with explanations and confidence ratings were used to identify generalizations.
According to Hatch, “Postpositivists are critical realists who subject truth claims to close
critical scrutiny in order to maximize chances of apprehending reality as closely as
possible– but never perfectly” (p. 14).
Setting
A school where science is taught regularly, even in the midst of high-stakes
accountability testing, was ideal for this study in order to accurately assess the impact
that science instruction has on students’ conceptions of selected concepts related to
energy flow through ecosystems (Gruenewald & Manteaw, 2007). Thus the study was
conducted in a public school located in a large city in the southeastern United States that
serves a total of 276 students in grades 4-8. The school houses a program for students
who are identified as gifted in one of nine performance arts areas, including dance,
drama, vocal music, instrumental music, and creative writing. Students are drawn from
the district’s 35 elementary schools and earn acceptance into the program through
auditions and parent and teacher recommendations. There are no academic criteria for
admission; therefore, incoming fourth grade students vary in their cognitive abilities.
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However, students make considerable progress during their five years at the school,
which consistently scores in the top ten public schools on yearly state assessments in all
tested subject areas, including science. Since its inception, the school has made Adequate
Yearly Progress (AYP) every year under the federal No Child Left Behind (NCLB) Act.
Table 1 summarizes student demographics for the school selected for this study.
Nearly 10% of the school’s students qualify for free or reduced lunch. Approximately
70% of the students are female and 30% are male. In regards to race and ethnicity,
approximately 81% of the students are classified as Caucasian, 8% are AfricanAmerican, 6% are Asian, and 2% are Hispanic. Currently, every student at the school is
classified as English proficient, and only 5% of the student body receives special
education services. It is important to note that the demographics of this school are not
typical of that of the rest of the district of which it is a part. The district consists of 66
schools with a total population of approximately 40,100 students. Nearly 50% of students
in the district qualify for free or reduced lunch. Approximately 49% of the students are
female and 51% are male. In regards to race and ethnicity, approximately 57% of the
students in the district are classified as Caucasian, 23% are African-American, 14% are
Hispanic, and 4% are Asian. Approximately 9% of students are classified as English
Table 1
School Demographic Information
Total
School
Enrollment
274 Students

Enrollment
by Gender

Enrollment
by Ethnicity

82 Males
192
Females

224 White
21 Black
13 Asian
9 Hispanic
7 Other

Enrollment by
Free/Reduced
Lunch
31 Students
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Student/
Teacher
Ratio
13.3:1

City
Population
471,000
People

Language Learners (ELL), and 10% of students receive special education services.
Although the selected school is not representative of other schools in the district,
several noteworthy qualities made it ideal for use in this study. First, student achievement
in science varies significantly between grades four and eight. This is possibly influenced
by the amount of time devoted to science at each grade level. Students in grades four and
five receive 45 minutes of science instruction every day, which is rare for many
elementary schools in the district due to a great emphasis on instruction in reading and
mathematics. Furthermore, the instruction is highly consistent with the NGSS (NGSS
Lead States, 2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993). In addition,
there is a low percentage of student turnover at the school. Nearly all students stay at the
school for all five years. Thus, the type and amount of instruction students receive in
science from year to year across the five years (grades four through eight) is generally
consistent.
The teachers who participated in the study were also carefully considered when
selecting the school for the current study. Similar to student turnover, teacher turnover at
the school used in the current study is also rare. The teacher responsible for teaching
science to grades four, five, and six has 17 years of experience, nine of which are at the
school represented in this study. She earned both a Bachelor of Arts and a Masters of
Arts in elementary education and holds a Kindergarten through fourth grade general
certificate, as well as a fifth through eighth grade mathematics and science endorsement.
The middle school science teacher, who is also the principal researcher in this study, has
14 years of teaching experience, all of which are at the school used in this study. She
earned both a Bachelor of Arts and a Masters of Arts in middle school education and is
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certified to teach science and social studies in grades five through nine. The consistency
in both the student population and staff were primary factors in the selection of this
school for the current study.
Participants
Students in grades four and eight served as the participants for this study. One
instructor teaches elementary science daily to students in grades four and five in 45minutes class periods. She teaches science to the sixth grade students for one of the two
semesters each year, also in 45-minute class periods. The middle school science
instructor and researcher for the current study teaches science to the sixth grade students
during the other semester each year, and to all of the seventh and eighth grade students
for 90 minutes every other day. Each of the 54 students in the fourth grade and each of
the students in the eighth grade who have been students at the school since fourth grade
were given the opportunity to participate in the study.
Standards-Based Instruction
The school represented in this study implements standards-based instruction
following documentation from the Kentucky Program of Studies (KPOS) (Kentucky
Department of Education, 2008) and the Kentucky Core Content for Assessment in
Science (KCCAS) (Kentucky Department of Education, 2006). Standards used to guide
the Kentucky Content for Assessment in Science included both the Benchmarks for
Science Literacy (AAAS, 1993) and the National Science Education Standards (NRC,
1996) at the during the time eighth grade students in study complete coursework in
grades four through eight.
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The science teachers at the school used Kentucky state standards and the KPOS to
define the breadth and depth of content to be taught, and as the foundation for developing
science learning experiences. Teachers designed units of study by first organizing
standards and skills identified in the KPOS and KCCAS into logical topics and then used
these standards to develop a series of learning targets for their lessons. For example, one
of the KCCAS standards selected for the sixth grade unit of study on roles of organisms
is, “Students will compare abiotic and biotic factors in an ecosystem in order to explain
consequences of change in one or more factors.” From this standard, one of the
instructional learning targets is, “I can design and conduct experiments about plant
growth.” To meet this objective, students are first asked to identify abiotic factors—such
as water and light—that could potentially affect a plant’s growth. Then each team of
students selects one of these abiotic factors, designs a research question and experimental
procedure related to the factor they select, conducts their experiment, and then analyzes
and formulates conclusions based on their experimental data. In this way, and as
specified in the KPOS, inquiry plays a significant role in the school’s science program.
Classroom assessments at the school are connected to the learning targets that are
developed by the two science teachers. Students complete pre-assessments at the
beginning of the unit that are related to the unit content. The teachers then analyze the
data, which are then used to guide instruction. Students are also assessed formatively and
summatively over the course of a unit of study. For example, during the plant growth unit
sixth grade students are formatively assessed through short tasks where they name
different abiotic factors that may affect plant growth, and through data and explanations
they include in their science notebooks. Summative assessment activities include both
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projects and pencil and paper exams. For example, in the plant unit, students develop lab
reports to present their investigation findings and conclusions. Students also complete an
end-of-unit exam, which contains both forced-choice and open-ended questions. An
example of an open-ended question on the sixth grade summative exam is, “List two
different biotic factors and two different abiotic factors present in a forest ecosystem.
Then, choose one of the abiotic factors you’ve listed and predict what the impact of a
sudden decrease in that abiotic factor would be.” Through these different learning
experiences and assessments, the teachers determine whether students have met the
required science standards.
Timeline
The following is a timeline for the current study. The study proposal was
completed and approved by the doctoral advisory committee in April, 2010. Next, the
researcher obtained approval from the university and school district’s Institutional
Review Board (IRB), as well as from the parents of the students who were involved in
the either the study or the preliminary pilot study. In the spring of 2010 the researcher
conducted a pilot study. The data from this study were assessed and used to refine the
assessment instruments and rubrics and to establish inter-rater reliability of members of
the research team. A second pilot study was conducted with fourth grade students in May,
2010. Shortly thereafter, in May, 2010, the researcher obtained parent permission from
the eighth grade students participating in the study and then collected data from students
in the eighth grade the same month. Preliminary data analyses of these data occurred
during the summer, 2010. In early 2011, the researcher obtained parent permission from
the current group of fourth grade students to participate in the proposed study and then
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collected data from participating students the same month. The same forced-choice
questions on the assessment instrument were given to the same group of fourth graders
approximately one month later in order to establish test-retest reliability of the assessment
instrument. Data analyses continued during the subsequent months and then the
dissertation was prepared with a defense date of September, 2014.
Reliability
A test-retest methodology was employed to establish reliability of the assessment
instrument (Linn & Gronlund, 1995; Nardi, 2003). In January, 2011, 34 fourth grade
students completed the same assessment instrument that the eighth grade students
completed in May, 2010. Five weeks later, 30 of these 34 fourth grade students answered
the same forced-choice questions that were on the original assessment instrument. A
dependent samples t-test was used to compare students’ overall scores on the two tests.
Based on the data, the null hypothesis that students’ overall scores on the pre- and postassessments were not significantly different was accepted (t (29) = -.141; p = .889).
Validity
Three science professors, one biology professor, and one graduate student and
middle school science teacher with 14 years of teaching experience evaluated the
construct validity of the forced-choice instrument. A pilot study was conducted in April,
2010 in order to refine any vague assessment instrument items (Coffey & Atkinson,
1996). Subsequently, a second pilot study was conducted in May, 2010 to validate
modifications made to the original instrument. The final data collection process took
place later in May, 2010.
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A team of researchers, which included a tenured biology professor, a tenured
science education professor, and the author of the study, a doctoral student and science
educator, developed a rubric to analyze student responses for accuracy of understanding.
Next, team members worked independently, and then as a team, to analyze assessment
instruments. A constant comparative method (Glaser & Strauss, 1967) was employed as
student responses were scored on a scale of one to five based on the degree to which
student responses reflected accurate scientific explanations of assessed phenomena. After
multiple meetings with the research team to discuss and refine the scoring rubric, interrater reliability reached 95.3%. Inter-rater reliability for each individual question was
established by conducting a Cronbach’s alpha test, which is commonly used as a measure
of internal consistency of a set of values (Cronbach, 1951). Students’ written response
scores were assigned by the three raters for each task and entered into a spreadsheet.
Subsequently, SPSS software was used to calculate Cronbach’s alpha tests for each task.
This was done for the fourth grade scores and then for the eighth grade scores. Resulting
values for each assessment question ranged from .992 to 1.00.
To further evaluate the construct validity of the forced-choice and written
assessment portions of the nine-item assessment instrument, data from the 40 eighth
grade students in the current study were used to construct a Wright Map using Winsteps
Rasch software. Items found at the bottom on the Wright Map are those items for which
the respondents experienced the least success, whereas items that appear toward the top
of the graph are items for which respondents experienced the most success. Similarly,
students that appear in the lower intervals earned lower scale scores than students at the
top of the scale. The scale ranged from 0 (minimum) to 1000 (maximum). Therefore, a
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student score that appears at the top of the Wright map achieved a higher scale score and,
thus, would be expected to score better on the entire instrument and demonstrate more
thorough knowledge of the content than students falling toward the bottom of the Wright
Map. Figure 2 presents this map with all items and respondents.
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Figure 2
Wright Map of Eighth Grade Forced-Choice and Written Explanation Person Measures
and Item Difficulties
PERSON - MAP - ITEM
<more>|<rare>
| Task 6 Sunlight Forced-Choice
|
700
|
|
X |
|
X |
X |
X | Task 6 Sunlight Explanation
XXXXX |
600
XXX | Task 5 Sunlight Forced-Choice
|
XXXX |
XXXX | Task 7 Interdependency Explanation
| Task 5 Sunlight Explanation
XX | Task 7 Interdependency Forced-Choice
XXX | Task 8 Interdependency Forced-Choice
XXXX | Task 8 Interdependency Explanation
XXX |
500
X | Task 1 Roles Explanation
XXX | Task 2 Roles Explanation
XXX |
| Task 9 Interdependency Forced-Choice
X |
|
| Task 9 Interdependency Explanation
|
400
| Task 3 Roles Forced-Choice
|
|
| Task 2 Roles Forced-Choice
|
|
| Task 1 Roles Forced-Choice
300
|
|
|
|
|
|
|
|
200
|
|
|
|
|
|
|
|
100
| Task 4 Sunlight Forced-Choice
<less>|<frequ>
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Task 4 Sunlight Explanation

Task 3 Roles Explanation

Data Analysis
Descriptive statistical analyses for the forced-choice and written explanation
portions of the assessment instrument included the calculation of frequencies and
percentages for 1) the overall student score for each assessment question; 2) each answer
option (forced-choice) or scoring level (written explanations) for each assessment
question; and 3) each answer options by low, middle, and high performance subgroups.
Students’ overall scores on the assessment instrument were used to establish the three
performance subgroups. That is, total scores were arranged from the highest score to the
lowest score for all students in the fourth grade group. The same was done for the eighth
grade group. Then cut scores were created to subdivide scores into three roughly equalsized groups. More specifically, cut scores for fourth grade group were: three or fewer
correct responses for the low-performance subgroup; four correct responses for the
middle-performance subgroup; and five to nine correct responses for the highperformance subgroup. Cut scores for the eighth grade group were: five or fewer correct
responses for the low-performance subgroup; six to seven correct responses for the
middle-performance subgroup; and eight or nine correct responses for the highperformance subgroup. The purpose for creating these subgroups was to examine whether
frequency calculations that otherwise might have been masked by only examining results
for the entire sample could be used to identify the prevalence of conceptual
misunderstandings within each subgroup and across the subgroups. It is important to note
that these performance subgroups were assigned early on in the data analysis process,
much earlier the Rasch analyses that will be discussed later in this section. This can be
considered a limitation and an area for possible future analysis of student data.
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Quantitative analyses of the collected assessment data were guided by the
application of Rasch theory (Bond & Fox, 2008; Boone, Staver, & Yale, 2014; Linacre,
2012; Rasch, 1960). The Rasch model, a single-parameter logistic model of dichotomous
items, was employed to convert the assessment data into linear data. Rasch analysis was
selected for the current study because it can establish reliability on instruments with a
small number of test items and a low sample size. Furthermore, Rasch allows for
respondents to skip test items without being removed from the sample. Data from the 72
(32 fourth grade; 40 eighth grade) students in the current study were entered into an
Excel spreadsheet and analyzed using Winsteps, a Rasch analysis program. Person
measures were computed for each respondent and item measures were computed for each
of the nine tasks on the assessment instrument. Subsequently, independent samples t-tests
were performed to compare the fourth and eighth grade students’ overall scores on the
forced-choice, written explanation, and confidence rating portions of assessment
instrument. This indicated whether there were significant differences in the mean scores
of the two grade levels of students on the different portions of the assessment.
An assumption of the Rasch model is that the probability of success on any given
test item is dependent upon the ability of the person taking the test and the difficulty of
the individual test item. A person with greater ability would be expected to have a greater
probability of solving more difficult test items than a person with lower ability. Likewise,
the less difficult a test item is, the greater the probability is for a person to answer the
item correctly. If these tenets hold true for the assessment instrument that was developed
for the current study, its reliability may be established and the data may be used to
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characterize fourth and eighth grade students’ understandings of energy flow concepts
assessed with the instrument.
Summary
Fourth and eighth grade students’ conceptions of energy flow through ecosystems
were assessed using a forced-choice instrument that included space for students to
provide supporting explanations for each forced-choice answer selection and confidence
ratings. Data analyses and results follow in the next chapter.
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Chapter Four: Findings
Results from each assessment task regarding energy flow through an ecosystem
for fourth and eighth grade students are discussed in this section. Topics assessed
included the roles of organisms in ecosystems (Tasks 1-3), the original energy sources in
an ecosystem (Tasks 4-6), and interdependency between organisms in ecosystems (Tasks
7-9). In the following discussion, a summary table is provided for each task showing the
frequency distributions for each option (A-E), with the correct answer identified in boldfaced type. As described earlier, responses for each task were further divided into three
subgroups based on how students performed on the entire assessment instrument. The
first three rows in each summary table represent responses from the high, middle, and
low performance subgroups, respectively. The fourth row shows the total frequencies for
each option, and the fifth row portrays the total frequencies expressed as percentages.
Written student responses were scored on a scale of 1 to 5 using rubrics developed by the
team of researchers. A generalized version of this rubric is shown in Figure 1.
Students rated their level of confidence in their answer selections for each task on
a scale of 1-5. Confidence ratings were compared with respondents’ forced-choice
answers using Rasch analyses.
Tasks 1 through 3: Roles of Organisms
Tasks 1-3 assessed fourth and eighth grade students’ understanding of the roles of
organisms in ecosystems, with specific focus on producers, consumers, and decomposers.
Task 1 (Table 2) assessed students’ understanding of snails as consumers in an aquarium
ecosystem. Students were expected to identify snails as the only organisms shown in the
task that rely on other organisms for food. Additional understandings related to this task
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include recognizing plants and algae as producers and water and gravel as abiotic factors
in the aquarium ecosystem. Task 2 (Table 4) focused on the role of plants as producers in
an aquarium ecosystem. In this task students were expected to demonstrate the
understanding that plants make their own food by converting light energy into chemical
energy. Task 3 (Table 6) asked students to identify decomposers in an aquarium
ecosystem. Specifically, students were expected to be able to identify mold and bacteria
as the decomposers depicted in the provided image.
Task 1: Identifying consumers in an aquarium ecosystem. Task 1 (Table 2)
assessed students’ understanding of snails as consumers in the aquarium ecosystem
portrayed in the accompanying illustration. For the forced-choice portion of the task,
students were expected to identify the snail as the organism that relies on other organisms
for food; Option B. Response frequencies for the accompanying written explanations for
Task 1 are displayed in Table 3. Outcomes for Task 1 for fourth and eighth grade
students, respectively, will be discussed in the following sections.
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Table 2
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 1, Identifying Consumers
in an Aquarium Ecosystem
Task 1. Which of the following relies on other organisms for food in this aquarium ecosystem in the image below?
A.
B.
C.
D.
E.

water
snails
plants
algae
gravel

A

Answer Options
C
D
B
8th
4th 8th
4th
8th

E
4th

8th

Omit
4th 8th

4th

8th

0

1

0

0

0

13

7

0
2

0
1

1
0

0
0

0
0

0
0

9
10

16
17

1

2

1

2

0

0

0

32

40

2.5

6.3

0

0

0

100.0

100.0

Grade Level

4th

8th

4th

Subgroup
High

0

0

11

7

1

0

0

Medium
Low

0
0

0
0

7
3

16
15

1
5

0
1

Totals as f

0

0

21

38

7

Totals as %

0

0

65.6

95.0

21.8

2.5 6.3

Total

Table 3
Task 1 Fourth and Eighth Grade Written Response Frequencies, Identifying Consumers
in an Aquarium Ecosystem

Grade
Level
Totals as f

4th

8th

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No
Scientific
NonFragments
Scientific
Fragments
4th
8th
4th
8th

7

4

11

12

3

10

11

14

Totals as
%

21.9

10.0

34.4

30.0

9.4

25.0

34.4

35.0

NonScientific/
No
Response

Scientific

Total

4th

8th

4th

8th

32

40

100.1 100.0

Fourth grade student outcomes. For Task 1 (Table 2), 21 of 32 (65.6%) fourth
grade students correctly identified the snail as the consumer in the aquarium ecosystem.
The most popular distractor, Option C, plants, was selected by seven fourth grade
students, most of whom (five of seven) were in the low performance subgroup.
Analysis of the fourth grade written explanations for Task 1 (Table 3) revealed
that students were more successful at selecting the correct forced-choice option,
identifying snails as the organism that relied on other organisms in the aquarium
ecosystem, than they were at explaining the scientific reasoning to support this response.
Indeed, although more than half of the fourth grade students (65.6%) correctly selected
Option B (snails) as the consumer in the aquarium ecosystem, only 11 of 32 (34.4%)
fourth grade students were able to provide written explanations that were considered
scientific (level 4). The following fourth grade student responses are representative of
scientific, not in-depth (level 4) responses.
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The snail relies on the plant to give it food because snails can’t make food.
(Student 52, scientific, not in-depth, level 4)
I think that a snail is the correct answer because snails eat grass and algae is like
grass. (Student 40, scientific, not in-depth, level 4)
Both of these students correctly identified snails as organisms that rely on other
organisms for food, but their responses lacked the depth of explanation of a level 5
response.
Of the remaining responses, three (9.4%) were classified as partially scientific
with no non-scientific fragments, 11 (34.4%) were classified as partially scientific with
non-scientific fragments, and seven (21.9%) were classified as non-scientific. The
following fourth grade responses are representative examples of level 3, level 2, and level
1 responses, respectively.
I decided B because it is a living thing and living things need food. A fish is a
living thing too but it was not one of the answers. (Student 27, partially scientific,
no non-scientific fragments, level 3)
I thought that the answer was snail because the snail was the only choice that was
living other than the plants and I thought that the answer was snail not plant.
(Student 15, partially scientific, non-scientific fragments, level 2)
I chose a snail because a snail does not produce its own food like a plant does.
Gravel and rock do not eat at all, they just form. Just like the plants, algae I think
produces its own food. Mold and bacteria does not eat either, it just forms like a
rock, but smaller. (Student 20, partially scientific, non-scientific fragments, level
2)
I thought gravel, because when I look in fish bowls I see fish sucking then spitting
out the gravel. So I think the gravel is the food for the organisms. (Student 29,
non-scientific, level 1)
I decided the plant. I did because a plant needs soil to live and that was one of the
things in the aquarium. (Student 1, non-scientific, level 1).
Close examination of the fourth grade students’ written responses reveals
numerous conceptual misunderstandings. Of these conceptual misunderstandings, the
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most common was that photosynthesizers (algae and/or plants) rely on other substances
(sun, water, gravel, nutrients, other organisms, or waste and dirt from other organisms)
for food. Student 1, whose level one response is provided above, incorrectly selected
Option C on the forced-choice portion of Task 1 and supported his answer by suggesting
that soil is an energy source since plants are relying on the soil to live. Another
conceptual misunderstanding was that certain organisms listed in the forced-choice
portion of Task 1 are not alive. Student 15 did not realize that algae are organisms, and
Student 20 did not recognize that, like all organisms, mold and bacteria need food. These
responses demonstrate that, though many of the students were able to correctly identify
consumers in the aquarium ecosystem shown in Task 1, they experienced difficulty
explaining why snails are, in fact, the consumers.
Eighth grade student outcomes. Eighth grade outcomes for Task 1 (Table 2) are
considerably more encouraging, as 38 of 40 (95.0%) students correctly identified snails
as the consumers in the aquarium ecosystem on the forced-choice portion of the task.
Only two eighth grade students in the low performance subgroup selected distractor
options for Task 1, choosing Option C, plants, and Option D, algae, respectively.
Analysis of the eighth grade written explanations for Task 1 (Table 3) revealed
that students were more successful at selecting the correct forced-choice option,
identifying snails as the organism that relied on other organisms in the aquarium
ecosystem, than the fourth graders. Additionally, the eighth grade students were more
successful at selecting the correct forced-choice option than explaining the scientific
reasoning to support this response. Only 35% of eighth grade written responses were
evaluated as scientific (levels 4 and 5). The following eighth grade student responses are
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representative of scientific, in-depth (level 5) and scientific, not in-depth (level 4)
responses.
Snails need food to eat and therefore rely on other organisms (their food) in order
to survive. Also, plants and algae rely on the sun (which is not an organism) and
rocks and water do not need food. So "snails" is the correct answer. (Student 1,
scientific, in depth, level 5)
I know that snails eat other organisms, such as plants, and thus I knew which
choice above relies on other organisms for food. (Student 11, scientific, not indepth, level 4)
Student 1 correctly indicated that snails eat other organisms, unlike plants, which are
producers, and unlike rocks and water, which are abiotic factors in the environment. In
comparison, Student 11, whose response was classified as level 4, correctly identified
snails as organisms that rely on other organisms for food, but her response lacked the
depth of explanation of a level 5 response.
Of the remaining responses, 25% were assigned a score of 3, or partially scientific
with no non-scientific fragments, and 30% of students’ responses earned a score of 2, or
partially scientific with non-scientific fragments. The remaining 10% of students’
responses were deemed non-scientific, thus earning a score of 1. The following eighth
grade responses are representative examples of level 3, level 2, and level 1 responses,
respectively.
It seemed that the snail would rely on the plant for food. (Student 2, partially
scientific, no non-scientific fragments, level 3)
Gravel and water aren't alive. Fish get food from humans. Snails need to eat the
plants. Algae relies on the waste and dirt from other organisms for food. (Student
22, partially scientific, scientific fragments, level 2)
I chose the snail because it relies on the gravel for food. (Student 35, nonscientific, level 1)
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As was the case with the fourth grade students, the most common conceptual
misunderstanding in the eighth grade students’ written responses was that
photosynthesizers (algae and/or plants) rely on other substances (sun, water, gravel,
nutrients, other organisms, or waste and dirt from other organisms) for food; a response
repeated in subsequent tasks that will be discussed in later sections. An example shown
above of a response containing conceptual misunderstandings came from Student 22,
whose written explanation revealed the conceptual misunderstanding that snails eat dirt
and waste from other organisms. Student responses classified as partially scientific with
non-scientific fragments tended to recognize snails as consumers, eating plants and
identifying gravel and water as abiotic factors in the aquarium ecosystem. They also
identified algae as consumers rather than as producers, stating that while snails eat plants,
algae “eats” dirt. Therefore, students at this level do not appear to identify algae as
producers, but rather as a form of consumer.
Task 2: Role of plants as producers in an aquarium ecosystem. Task 2 (Table
4) assessed students’ understanding of plants as producers in an aquarium ecosystem. For
the forced-choice portion of the task, students were expected to recognize that plants
make their own food through photosynthesis by converting light energy (from the sun)
into chemical energy, Option D. Response frequencies for the accompanying written
explanations for Task 2 are displayed in Table 5. Outcomes for Task 2 for fourth and
eighth students, respectively, will be discussed in the following sections.
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Table 4
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 2, Role of Plants as
Producers in an Aquarium Ecosystem

Task 2. Which of the following is true for a plant in the aquarium ecosystem shown in Task 1?
A.
B.
C.
D.
E.

Gets its energy from other organisms in the environment
Gets its energy by eating dead or once living matter
Breaks down dead matter into its simplest forms
Makes its own food by converting light energy to chemical energy
Gets its energy from the mold and bacteria

Grade Level

4

8

4

Answer Options
C
D
th
th
th
th
8
4
8
4
8th

Subgroup
High
Medium
Low

0
1
3

0
0
1

0
1
0

0
0
1

A

Totals as f
Totals as %

th

B
th

th

4
1
1
1
12.5 2.5 3.1 2.5

0
0
1

0
0
0

1
3.1

0
0

13
7
6

7
16
14

26
37
81.3 92.5

E
8

Omit
4th 8th

th

4

8th

0
0
0

0
0
1

0
0
0

0
0
0

13
9
10

7
16
17

0
0

1
2.5

0
0

0
0

th

4

th

Total

32
40
100.0 100.0

Table 5
Task 2 Fourth and Eighth Grade Written Response Frequencies, Role of Plants as
Producers in an Aquarium Ecosystem

Grade
Level
Totals as f

NonScientific/
No
Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

4th

8th

4th

8th

4th

8th

4th

8th

4th

8th

3

5

14

7

10

13

5

15

32

40

15.6

37.5

Totals as
9.4 12.5 43.8 17.5 31.3
32.5
%
†
Percentages do not add up to 100 due to rounding.

Scientific

Total

100.1† 100.0

Fourth grade student outcomes. Forced-choice results for Task 2 were
encouraging for the fourth grade students, with 26 of 32 students (81.3%) correctly
selecting Option D, plants make their own food by converting light energy into chemical
energy. Similar to Task 1, the few students selecting a distractor option for Task 2 most
often selected Option A, gets its energy from other organisms in the environment. This
option, like Option C in Task 1, suggests a small number of fourth grade students
recognized plants (and algae) as consumers that sought energy from other organisms in
the ecosystem.
Analysis of the fourth grade written responses to Task 2 indicated that many more
students held the conceptual misunderstanding that plants get their energy from other
sources in the ecosystem than the sun. Although 81.3% of the fourth grade students
correctly selected Option D (the plant makes its own food by converting light energy into
chemical energy), only five of 32 (15.6%) students were able to provide written
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explanations that were considered scientific. The following fourth grade student
responses are representative of scientific, in-depth (level 5) and scientific, not in-depth
(level 4) responses.
Well, plants make their own food in a process called photosynthesis, which turns
water and carbon dioxide into glucose. That is the way that aquatic plants get
food. (Student 16, scientific, in-depth, level 5)
I thought the plant makes its own food by converting light energy to chemical
energy because that’s how plants make food. (Student 25, scientific, not in-depth,
level 4)
Of the remaining responses, 10 (31.3%) were classified as partially scientific
with no non-scientific fragments, 14 (43.8%) were classified as partially scientific with
non-scientific fragments, and three (9.4%) were classified as non-scientific. This
demonstrates that, though students may recognize that plants make their own food by
converting light energy into chemical energy, they were unable to demonstrate the
accuracy expected by the selection of the correct forced-choice item. The following
fourth grade responses are representative examples of level 3, level 2, and level 1
responses.
I thought of the word photosynthesis, which is a food making process. Then
answer D was about plants making their own food. (Student 43, partially
scientific, no non-scientific fragments, level 3)
Because some plants and animals get their energy from other organisms. (Student
17, partially scientific, non-scientific fragments, level 2)
I decided to pick D, because when I usually read science books, plants get their
food by photosynthesis. Photosynthesis helps the plant by making food from the
light and energy. (Student 29, partially scientific, non-scientific fragments, level
2)
I picked the plant to get its energy from other organisms because (just like in the
question) plants can’t grow without something to help it grow. (Student 35, nonscientific, level 1)
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A popular conceptual misunderstanding held by a number of students, represented
in Student 17’s response, is that plants are consumers in the aquarium ecosystem.
Another popular conceptual misunderstanding expressed in the fourth grade students’
written responses, represented by the response from Student 29 shown above, was that
light is an ingredient for photosynthesis. Although these students recognized light as a
necessary for photosynthesis to take place, they incorrectly identified light and energy as
substances that are used during photosynthesis to make food.
Eighth grade student outcomes. Task 2 results for eighth grade students revealed
similar trends uncovered in the fourth grade responses. Like the fourth grade students,
eighth grade students demonstrated encouraging outcomes on the forced-choice
assessment task. Specifically, 37 of 40 students (92.5%) correctly selected Option D,
plants make their own food by converting light energy into chemical energy. Option A
(plants get their energy from other organisms in the environment), Option B (plants get
their energy by eating dead or once living matter), and Option C (plants break down dead
matter into its simplest forms), were each selected by one student, respectively, from the
low performance subgroup.
Analysis of Task 2 written explanations revealed that far fewer eighth grade
students (37.5%) were able to demonstrate a scientific understanding of how plants make
their own food during photosynthesis when compared with results from the forced-choice
portion of the same task. Only 15 students’ written responses (37.5%) were scored at the
level 4 or 5, thus demonstrating a scientific understanding of plants as producers in the
aquarium ecosystem. The following fourth grade student responses are representative of
scientific, in-depth (level 5) and scientific, not in-depth (level 4) responses.
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I know that plants are producers, meaning that they produce their own food
through photosynthesis. The process of photosynthesis converts light energy into
chemical energy. (Student 29, scientific, in-depth, level 5)
I know that plants get their energy through photosynthesis, which is when plants
convert light energy to chemical energy and therefore D is correct. (Student 36,
scientific, not in-depth, level 4)
Student responses that were classified as scientific, such as those shown above,
tended to indicate that plants convert light energy into chemical energy and were also
able to correctly identify the process as photosynthesis. The difference in scoring levels 4
and 5 was in the ability of the respondents to specifically identify plants as producers.
Written responses demonstrating partial scientific understanding accounted for
45% of student responses. A majority (37.5%) of these responses were identified as
partially scientific without non-scientific fragments (level 3) and generally stated that
plants make their own food or photosynthesize without justification to explain the
process. The following two examples are representative of the responses from level 3.
Plants get food from photosynthesis, so D is correct. (Student 9, partially
scientific, no non-scientific fragments, level 3)
I know plants make their own food. (Student 38, partially scientific, no nonscientific fragments, level 3)
Of the remaining responses, 7.5% of students’ responses earned a score of 2, or
partially scientific with non-scientific fragments. The remaining 17.5% of students’
responses were deemed completely non-scientific, thus earning a score of 1. The
following examples are representative of responses from levels 2 and 1, respectively.
Thought of how an organism will die and decompose, then the plant will absorb
material that was left in the soil. (Student 14, partially scientific, non-scientific
fragments, level 2)
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Because plants get their food (which is turned into their energy) from oxygen. I
know how a plant gets its food, so I know this is the answer. (Student 40, nonscientific, level 1)
[This] option was the best because [plants] are under water so they can't use the
light, and the plants can't eat other things to get energy so they have to break
down things to get energy. (Student 34, non-scientific, level 1)
These students, like many others in both fourth and eighth grade levels,
demonstrated the conceptual misunderstanding that plants rely on other substances, such
as oxygen, sun, water, gravel, nutrients, other organisms, or soil materials, for food.
Additionally, like Students 14 and 34, respectively, common conceptual
misunderstandings included confusing the role of plants as consumers (Student 14) or
decomposers (Student 34), rather than producers.
Task 3: Identifying decomposers in an aquarium ecosystem. Task 3 (Table 6)
asks students to identify the decomposers in an aquarium ecosystem. For the forcedchoice portion of the task, students were expected to recognize that fungi and bacteria are
decomposers, Option B. More specifically, students should recognize that these
organisms break down other organisms and rely on those other organisms for energy.
Response frequencies for the accompanying written explanations for Task 3 are displayed
in Table 7. Outcomes for Task 3 for fourth and eighth students, respectively, will be
discussed in the following sections.
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Table 6
Response Frequencies by Performance Subgroup for Task 3, Identifying Decomposers in an Aquarium Ecosystem
Task 3. Which of the following organisms in the aquarium ecosystem figure for Task 1 are classified as
decomposers?
A.
B.
C.
D.
E.

fish and snails
mold and bacteria
plants and algae
gravel and soil
all of the above

A
th

th

Answer Options
C
D
B
th
th
th
th
4
8
4
8th
8

E
4

8

Omit
4
8th

0

1

0

0

0

13

7

1

1

0

0

0

0

9

16

2

2

0

2

1

0

0

10

17

5

2

4

1

3

1

0

0

32

40

15.6

5.0

12.5

2.5

0

0

100.0

100.0

Grade Level

4

8

4

Subgroup
High

3

0

7

7

1

0

1

Medium

3

0

3

15

2

0

Low

3

1

1

13

2

Totals as f

9

1

11

35

Totals as %

28.1

2.5

34.4

87.5

th

th

th

9.4 2.5

th

Total
th

4

8th

Table 7
Task 3 Fourth and Eighth Grade Written Response Frequencies, Identifying
Decomposers in an Aquarium Ecosystem

NonScientific/
No
Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

Grade
Level
Totals as f

4th

8th

4th

8th

4th

8th

4th

8th

4th

8th

15

8

15

10

1

14

1

8

32

40

Totals as
%

46.9

20.0

46.9

25.0

3.1

35.0

3.1

20.0

Scientific

Total

100.0 100.0

Fourth grade student outcomes. Task 3 (Table 6) asked students to identify
decomposers in an aquarium ecosystem. The fourth grade results for this task were less
encouraging than results for Tasks 1 and 2. Specifically, 11 out of 32 students (34.4%)
demonstrated the correct understanding that mold and bacteria are classified as
decomposers (Option B). Nine students (28.1%), or three students in each of the three
performance subgroups, selected the most popular distractor, Option A (fish and snails).
Analysis of Task 3 written explanations revealed that only two fourth grade
students (6.2%) were able to demonstrate a scientific understanding of how plants make
their own food during photosynthesis. Only one student response (3.1%) was scored at
either levels 5 or 4, thus demonstrating a scientific understanding of mold and bacteria as
decomposers in the aquarium ecosystem. The following fourth grade student response
was the only response that was scored as scientific, not in-depth (level 4).
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Bacteria can make or get its food from other organisms. The only way it can get
its food from other organisms is from eating them (note: no mouths) or
decomposing them. (Student 17, scientific, not in-depth, level 4)
Of the remaining responses, 46.9% of students’ responses earned a score of 2, or
partially scientific with non-scientific fragments. The remaining 46.9% of students’
responses were deemed completely non-scientific, thus earning a score of 1. The
following examples are representative of responses from levels 2 and 1.
I chose A because when the fish and snails die their bodies will start to break
down and decompose. (Student 36, partially scientific, non-scientific fragments,
level 2)
I thought that [all of the options listed were decomposers] because everything will
decompose into the tank. (Student 25, non-scientific, level 1)
I thought they were all decomposers because they all give off food in some way.
(Student 35, non-scientific, level 1)
Further analysis of students’ written responses reveals a noteworthy conceptual
misunderstanding. Four student responses (12.5%) demonstrated the conceptual
misunderstanding that the term decomposer means an organism that breaks down after it
dies, rather than an organism that is breaking down other organisms to satisfy its own
energy requirements. For example, Student 35 not only failed to realize that fish, snails,
plants, algae, gravel, and water are not decomposers, he also indicated that all of these
factors in the ecosystem “give off” food.
Eighth grade student outcomes. Although the eighth grade results for Task 3
were not as positive as the results for Tasks 1 and 2, they were still encouraging,
especially when compared to the fourth grade results for the same task. Specifically, 35
of 40 students (87.5%) demonstrated the correct understanding that mold and bacteria are
classified as decomposers (Option B).

65

Two students, both of whom were in the low performance subgroup, selected the
most popular distractor, Option C, plants and algae. One of these students supported his
answer by stating “I know that algae feeds on dead organisms, and plants were in that
group…C was the only choice with algae.” It is unclear whether this student truly
misunderstood the role of algae in the aquarium or whether he simply had insufficient
knowledge of what algae is to correctly answer the question.
Analysis of the written explanations accompanying Task 3 reveal that no students
scored at the level of 5 and only 20% of students scored either at the level of 4,
demonstrating a scientific understanding that mold and bacteria are decomposers in an
aquarium ecosystem. For example, one of these students explained that
Decomposers are organisms that break down dead organisms and change them
into part of the soil. Gravel, soil, plants, and some algae do not eat other
organisms. Fish and snails eat other organism, but they just eat them instead of
breaking them down into parts of the soil. This leaves the answer to be mold and
bacteria. (Student 16, scientific, not in-depth, level 4)
This student‘s response, which demonstrated the understanding that decomposers break
down other organisms in an ecosystem, was representative of most responses that were
evaluated at the level 4. An in-depth level response would have also provided correct
explanations of how students logically eliminated other options.
Of the remaining Task 3 responses, 35% were assigned a score of 3, or partially
scientific with no non-scientific fragments, and 25% of students’ responses were scored
at level 2, or partially scientific with non-scientific fragments. The remaining 20% of
students’ responses were classified as completely non-scientific, thus earning a score of
1. The following examples are representative of responses from levels 3, 2, and 1,
respectively.
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I know that fish and snails are consumers, plants and algae are producers, and
gravel and soil are nonliving. Mold and bacteria are the only decomposers.
(Student 30, partially scientific, no non-scientific fragments, level 3)
These are decomposers because they break things down to become food for other
things. (Student 43, partially scientific, non-scientific fragments, level 2)
Because mold and bacteria have to decompose their food before they can eat it.
(Student 51, non-scientific, level 1)
Although student 43 correctly selected Option B for the forced-choice question
and correctly indicated that mold and bacteria break down material, his response is
representative of several other students at the fourth and eighth grade level who
demonstrated the teleological view that decomposers make food for other organisms
rather than to satisfy their own energy requirements. Additionally, Student 51
demonstrated the conceptual misunderstanding that decomposition occurs before the
feeding process, rather than as the feeding process occurs. These conceptual
misunderstandings reveal that, though students may be able to correctly identify
decomposers in an ecosystem, they demonstrate difficulty with explaining how and why
the decomposition process occurs.
Summary of tasks 1-3. Overall, as shown in Table 8, fourth and eighth grade
students selected the correct responses to the forced-choice questions on the assessment
instrument 77.8% of the time. On average the students in the high subgroup (n = 20) for
fourth and eighth grade students combined selected 86.7% correct responses in
comparison to the middle subgroup (n = 25), which selected 85.3% correct responses, and
the low subgroup (n = 27), which selected 64.2% correct responses.
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Table 8
Summary of Results for Forced-Choice Responses, Tasks 1-3
Task 1

Task 2

Task 3

Identifying
Consumers

Role of Plants as
Producers

Identifying
Decomposers

4th
Grade

8th
Grade

4th
Grade

8th
Grade

4th
Grade

8th
Grade

High

Totals as %

84.6

100.0

100.0

100.0

53.8

100.0

Medium

Totals as %

77.8

100.0

77.8

100.0

33.3

93.8

Low

Totals as %

30.0

88.2

60.0

82.4

10.0

76.5

65.6

95.0

81.3

92.5

34.4

87.5

Overall Task Totals as %
by Grade Level
th
(4 grade n = 32; 8th
grade n = 40)
Overall Totals as % by
Task 4th and 8th Grade
(n = 72)

81.9

87.5

Overall Totals as % by
Topic 4th and 8th Grade
(n = 72)

63.9

77.8

Analysis of student forced-choice responses indicated that, of the three subtopics
assessed, students demonstrated the strongest understanding of the role of plants as
producers in an aquarium ecosystem (87.5% correct responses). Students also
demonstrated a fairly strong ability to correctly identify consumers in an aquarium
ecosystem (81.9% correct responses) but had more difficulty, particularly among the
fourth grade students, to correctly identify decomposers in the same aquarium ecosystem
(63.9% correct responses).
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Table 9
Summary of Results for Written Responses, Tasks 1-3
Scoring Levels
Scientific
Total
NonPartially
Partially
Scientific/
Scientific
Scientific
No
with Nonwith No
Response
Scientific
NonFragments
Scientific
Fragments
th
th
th
th
8th
4th
8th
4th
4
8
4
8
4th
8th
Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade
Task 1
Totals as
%
Task 2
Totals as
%
Task 3
Totals as
%
Overall
Totals as
% by
Grade

21.9

10.0

34.4

30.0

9.4

25.0

34.4

35.0

100.1† 100.0

9.4

12.5

43.8

17.5

31.3

32.5

15.6

37.5

100.1† 100.0

46.9

20.0

46.9

25.0

3.1

35.0

3.1

20.0

100.0

26.1

14.2

41.7

24.2

14.6

30.8

17.7

30.8

100.1† 100.0

Overall
Totals as
19.5
32.0
23.6
%,
4th and 8th
Grade
Students
Combined
(n = 72)
†
Percentages do not add up to 100 due to rounding.

25.0

100.0

100.1†

Analysis of students’ written responses (Table 9) reveals that, overall, 25.0% (n =
18) of the fourth and eighth grade students’ written responses were classified as scientific
(levels 5 or 4), 23.6% (n = 17) of responses were classified as partially scientific with no
non-scientific fragments (level 3), 32.0% (n = 23) of responses were classified as
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partially scientific with non-scientific fragments (level 2), and 19.5% (n = 14) of
responses were classified as non-scientific (levels 1 or 0). Further analysis reveals
numerous conceptual misunderstandings, many of which are shared by students at both
grade levels. These conceptual misunderstandings include: 1) photosynthesizers using
substances such as water, gravel, and other organisms for food; 2) identifying plants
and/or algae as a type of consumer or decomposer; and 3) the teleological view that
decomposers make food for other organisms rather than to satisfy their own energy
requirements. In addition, some fourth grade students recognized light and/or energy as
ingredients for photosynthesis, and some eighth grade students held the conceptual
misunderstanding that decomposition occurs before the feeding process, rather than as the
feeding process occurs.
Tasks 4 through 6: Original Energy Source for Ecosystems
Tasks 4-6 assessed fourth and eighth grade students’ understanding of concepts
related to the sun as the original energy source for most ecosystems on Earth.
Specifically, students were asked to 1) identify the sun as the original energy source in a
forest ecosystem (Task 4); 2) identify the required substances for photosynthesis (Task
5); and 3) predict the effect that a sudden decrease in sunlight would have on trees in a
forest ecosystem (Task 6).
Task 4: Identifying the sun as the original energy source for a forest
ecosystem. Task 4 (Table 10) assesses students’ ability to identify the sun as the primary
source of energy (Option A) for a forest ecosystem. Response frequencies for the
accompanying written explanations for Task 4 are displayed in Table 11. Outcomes for
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Task 4 for fourth and eighth grade students, respectively, will be discussed in the
following sections.
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Table 10
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 4, Identifying the Original
Energy Source for a Forest Ecosystem
Task 4. What is the original energy source for all of the food webs in a forest?
A.
B.
C.
D.
E.

sunlight
soil
water
air
trees

Grade Level

4

8

Answer Options
B
C
D
th
th
th
th
th
4
8
4
8
4
8th

Subgroup
High

11

7

1

0

0

0

0

0

1

0

0

0

13

7

Medium

9

16

0

0

0

0

0

0

0

0

0

0

9

16

Low

6

17

0

0

1

0

2

0

1

0

0

0

10

17

Totals as f

26

40

1

0

1

0

2

0

2

0

0

0

32

40

Totals as %

81.3

0

3.1

0

6.3

0

6.3

0

0

0

A

†

th

th

100.0 3.1

Percentages do not add up to 100 due to rounding.

E
th

4

8

Omit
4th 8th

4

8th

th

Total
th

100.1† 100.0

Table 11
Task 4 Fourth and Eighth Grade Written Response Frequencies, Identifying the Sun as
the Original Energy Source for a Forest Ecosystem

4th

8th

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No
Scientific
NonFragments
Scientific
Fragments
th
th
4
8
4th
8th

2

7

17

NonScientific/
No
Response

Grade
Level
Totals as f

19

11

11

Totals as
6.3 17.5 53.1 47.5 34.4 27.5
%
†
Percentages do not add up to 100 due to rounding.

Scientific

Total

4th

8th

4th

8th

2

3

32

40

6.3

7.5

100.1

100.0

†

Fourth grade student outcomes. For Task 4 (Table 10), 26 of 32 (81.3%)
students correctly identified the sun as the original energy source in a forest ecosystem.
The most common distractors, Option D, air, and Option E, trees, were each selected by
two fourth grade students, both of which were in the low performance subgroup. Though
the overall fourth grade results for this forced-choice portion of the task are somewhat
encouraging, closer examination of students’ written responses reveals, at best,
superficial understanding of this concept, as well as conceptual misunderstandings. The
following fourth grade student responses are representative of responses from levels 4, 3,
2, and 1, respectively.
Animals either eat other animals or plants, the animals that eat other animals
(carnivores) usually eat animals that eat plants (herbivores). Plants make their
own food but need sunlight to do so. (Student 16, scientific, level 4)
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I decided that answer because sunlight is used in photosynthesis and food gives
the plant energy. (Student 31, scientific, not in-depth, level 3)
The trees give energy to plants then to animals. (Student 34, partially scientific,
non-scientific fragments, level 2)
Well I chose it because it was the only one I could think of that might of chose
sense. (Student 31, non-scientific, level 1)
The fourth grade students’ written responses for Task 4 revealed several conceptual
misunderstandings. Two students (6.3%) indicated that sunlight makes almost all plants
grow, two other students (6.3%) indicated an oversimplified understanding that the
energy for all ecosystems comes from the sun, and an additional two students’ (6.3%)
revealed teleological thinking about sunlight. Specifically, these responses suggest that
the function of sunlight was developed to give off energy for use by plants, people,
and/or animals. Additionally, the examples provided above of responses evaluated at
different scoring levels indicate varying levels of depth. Level 4 responses, such as the
response given by Student 16 above, were not only scientifically accurate but also
somehow indicated that plants use the sun to make their own food or energy, whereas
level 3 (containing no non-scientific fragments) or level 2 responses (containing scientific
fragments), such as those given by students 31 and 4, respectively, either simply stated
that sunlight is used for photosynthesis/energy or that energy is passed from one
organism to another without elaboration. Level 1 responses, such as the one provided
above by Student 31, tended to provide no scientific support or elaboration.
Eighth grade student outcomes. Eighth grade results for the forced-choice
portion of Task 4 (Table 10) were especially encouraging, as 100% of students correctly
selected Option A, sunlight. However, results from the accompanying written responses
were more troubling. Only three of 40 students (7.5%) produced a written response that
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was scored as being scientific or in-depth and scientific, and an additional 11 of 40
students (27.5%) earned a level 3 rating for responses that were partially scientific with
no non-scientific fragments. The following eighth grade responses are representative
examples of level 4 and 3 responses.
Sunlight is what plants use to create their food. Plants are then eaten by
herbivores or omnivores, which are then eaten by carnivores (Student 51,
scientific, level 4).
Without sunlight, there are no plants. Without plants the fish cannot live without
food. Because of this, sunlight is the original energy. (Student 28, partially
scientific, no non-scientific fragments, level 3)
Unlike the fourth grade students, the most common conceptual misunderstanding
for the eighth grade students, which was shared by 11 of the students (47.5%) who scored
a 2 on their written responses, was that all food webs, not just those in forest ecosystems,
start with sunlight. One example of a student’s level 2 response is, “I know that all food
webs begin with sunlight, not just in forests” (Student 21, partially scientific, scientific
fragments, level 2). Responses such as this earned a rating of partially scientific with nonscientific fragments because they did not demonstrate the understanding that some
ecosystems in the world do not begin with the sun as the original energy source. For
example, chemosynthetic organisms, or producers that use chemicals to create energyrich food molecules, can be the original source of energy for some ecosystems. This
could simply be an omission in students’ understanding of producers, or it could be an
example of instruction-induced conceptual misunderstandings.
The remaining seven students (17.5%) did not include scientific support for their
answer selection, thus these responses were evaluated as level 1. Student 27 exemplifies
responses that were common among these responses in his answer: “I remembered what I
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learned in class.” Student responses evaluated as level 1 neglected to explain that plants
photosynthesize or use sunlight to make their own food.
As was the case with the fourth grade students, a majority of the eighth graders’
written responses revealed, at best, a superficial understanding of the sun as the original
energy source for ecosystems, even though forced-choice responses from both grade
levels appeared to demonstrate accurate understanding of the original energy source for
forest ecosystems. This seems to support the assertion that this concept is oversimplified
during instruction at these grade levels. For example, instead of deepening their
understanding of this concept, eighth grade students were even more likely than the
fourth grade students to state in their written responses that all energy for ecosystems or
food webs start with the sun.
Task 5: Required substances for photosynthesis. Task 5 (Table 12) asked
students to identify the materials that plants require to make their own food. For the
forced-choice portion of the tasks, students were expected to identify sunlight, water, and
carbon dioxide as necessary for photosynthesis, Option B. Response frequencies for the
accompanying written explanations for Task 5 are displayed in Table 13. Outcomes for
Task 5 for fourth and eighth grade students, respectively, will be discussed in the
following sections.
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Table 12
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 5, Required Substances
for Photosynthesis
Task 5. Which of the following are necessary for producers to make their own food?
A.
B.
C.
D.
E.

sunlight, water, soil
sunlight, water, carbon dioxide
sunlight, water, oxygen
sunlight, water, soil, carbon dioxide
sunlight, water, soil, carbon dioxide, oxygen

Grade Level

4

8

4

Answer Options
C
D
th
th
th
th
4
8
4
8th
8

Subgroup
High
Medium

0
0

0
0

10
3

6
6

0
3

0
0

3
1

Low

2

0

1

3

4

6

2

A

Totals as f
Totals as %
†

th

th

B
th

E
4

8

Omit
4th 8th

1
7

0
2

0
3

0
0

0
0

13
9

7
16

4

1

4

0

0

10

17

0
0

0
0

th

th

2
0
7
6
6
12
3
7
14
15
6.3 0.0 43.8 37.5 21.9 15.0 18.9 30.0 9.4 17.5

Percentages do not add up to 100 due to rounding.

Total
th

4

8th

32
40
†
100.3 100.0

Table 13
Task 5 Fourth and Eighth Grade Written Response Frequencies, Required Substances for
Photosynthesis

4th

8th

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No
Scientific
NonFragments
Scientific
Fragments
th
th
4
8
4th
8th

7

9

18

NonScientific/
No
Response

Grade
Level
Totals as f

23

3

2

Totals as 21.9 22.5 56.3 57.5 9.4
5.0
%
†Percentages do not add up to 100 due to rounding.

Scientific

Total

4th

8th

4th

8th

4

6

32

40

12.5

15.0

100.1†

100.0

Fourth grade student outcomes. For Task 5 (Table 12), 14 of 32 (43.8%) fourth
grade students correctly identified sunlight, water, and carbon dioxide as necessary for
photosynthesis. The most popular distractors, sunlight, water, and oxygen (Option C) and
sunlight, water, soil, and carbon dioxide (Option D) were selected by 7 (21.9%) and 6
(18.9%) students, respectively. Results for this task were less encouraging than those for
previous tasks, and examination of students’ written responses were even less
encouraging, as they revealed several conceptual misunderstandings. Of these conceptual
misunderstandings, the most common were that soil and oxygen are required substances
for photosynthesis. Only four (12.5%) students’ written responses were classified as
scientific. The following fourth grade response is representative of a level 4 response.
I think that sunlight, water, and carbon dioxide is the answer because plants need
these things and plants make their own food. (Student 15, scientific, level 4)
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This student, like others whose responses were scored at the 4 level, were able to
articulate that plants use sunlight, water, and carbon to photosynthesize or make their
own food.
Of the remaining responses, three (9.4%) were classified as partially scientific
with no non-scientific fragments, 18 (56.3%) were classified as partially scientific with
non-scientific fragments, and seven (21.9%) were classified as non-scientific. The
following fourth grade responses exemplify responses evaluated at the levels of 3, 2, and
1, respectively.
Because those are the ingredients for photosynthesis which equals food. (Student
31, partially scientific, no non-scientific fragments, level 3)
Because plants use a process called photosynthesis, which needs the ingredients:
sunlight, water, and oxygen. (Student 28, partially scientific, non-scientific
fragments, level 2)
I thought D is a good answer because it has a mixture of choices. (Student 11,
non-scientific, level 1)
So although nearly half of the fourth grade students were able to identify the substances
required for photosynthesis on the forced-choice portion of Task 5, the majority of them
were unable to provide scientific support for their responses.
Eighth grade student outcomes. Findings from this task are much more
troublesome than the findings for the previous four tasks. Specifically, only 15 of 40
(38.0%) students correctly identified Option D, sunlight, water, and carbon dioxide, as
the correct response. The most popular distractor, Option D, was selected by 12 of 40
students (30.0%). Although these students recognized that sunlight, water, and carbon
dioxide are necessary for photosynthesis, they also demonstrated the conceptual
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misunderstanding that soil is an additional necessary ingredient for plants to make their
own food.
Further analysis of the written explanations accompanying Task 5 reveal that only
six (15.0%) of the eighth grade students’ written responses were scored as scientific
(levels 4 and 5), thus demonstrating either a scientific or in-depth scientific understanding
of the substances that are necessary for photosynthesis. For example, one of these
students explained, “Plants need sunlight, water, and carbon dioxide to make food
because these things are required for the plant to go through photosynthesis. The roots
take in water as the leaves take in sunlight and carbon dioxide” (Student 16, scientific, indepth, level 5). This student not only correctly indicated that sunlight, water, and carbon
dioxide are needed for photosynthesis but also provided additional details about where
these substances enter the plant. The following eighth grade responses are representative
of scientific, not in-depth (level 4) and partially scientific with no non-scientific
fragments (level 3).
Plants are producers and all plants need sunlight, water, and CO2 to make their
own food. Not all plants need soil, though (water plants). (Student 1, scientific,
not in-depth, level 4)
Plants need sunlight, water, and carbon dioxide to live. Plants are producers.
(Student 29, partially scientific, no non-scientific fragments, level 3)
Of the remaining responses, 57.5% of students’ responses earned a score of 2, or
partially scientific with non-scientific fragments. Closer examination of these students’
written responses revealed conceptual misunderstandings similar to those demonstrated
by the fourth grade students. Specifically, oxygen and soil were frequently mentioned as
required substances for photosynthesis. This conceptual misunderstanding is well
illustrated in one student’s response that stated, “Producers need sunlight for energy, soil
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for nutrients, carbon dioxide for photosynthesis, and water to live. All of these are
necessary for the producer to make its own food” (Student 54, partially scientific, nonscientific fragments, level 2). Although the student correctly identified soil as a source of
nutrients for plants, he incorrectly identified soil as a necessary ingredient for
photosynthesis. Another example of a partially scientific response with non-scientific
fragments came from a student who stated “Because a tree can't live without sunlight,
water, and oxygen—I know this for a fact” (Student 48, partially scientific, non-scientific
fragments, level 2). Although this student correctly indicated that all of these ingredients
are necessary for a plant to live, he, like many others, did not demonstrate the scientific
understanding that oxygen is a product, rather than a key reactant, of the process of
photosynthesis.
The remaining 22.5% of students’ responses were classified as completely nonscientific, thus earning a score of 1. The following eighth grade responses are
representative of non-scientific (level 1) responses:
I thought about my past learning (Student 42, non-scientific, level 1).
I thought of everything plants need (Student 49, non-scientific, level 1).
These students’ responses lacked scientific support and, for Student 49, were incorrect in
light of the forced-choice response selected (give response).
Task 6: Effect of a decrease in sunlight on an ecosystem. Task 6 (Table 14)
expands the concept of sunlight as the original energy source for an ecosystem to the
more complex concept of the effect that a sudden decrease in sunlight would have on an
ecosystem. For the forced-choice portion of the task, students were expected to
demonstrate the scientific understanding that, in the event that the amount of sunlight in
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an ecosystem suddenly decreased plants would initially put more energy into growing
taller but would eventually begin to die if their energy requirements were no longer met
(Option A). Response frequencies for the accompanying written explanations for Task 6
are displayed in Table 15. Outcomes for Task 6 for fourth and eighth grade students,
respectively, are discussed in the following sections.
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Table 14
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 1, Effect of a Decrease in
Sunlight on an Ecosystem
Task 6. If the amount of sunlight in an ecosystem suddenly decreased, which of the following would MOST likely occur?
A.
B.
C.
D.
E.

Plants would initially grow taller, but would eventually die.
Plants would put more energy into growing taller.
Plants would immediately begin to die.
Plants would consume more water to make food.
Plants would rely more on other substances in the environment to make food.

Grade Level

4

8

Answer Options
B
C
D
th
th
th
th
th
4
8
4
8
4
8th

Subgroup
High

4

4

0

0

8

3

1

0

0

0

0

0

13

7

Medium

2

0

0

1

3

10

1

0

3

5

0

0

9

16

Low

3

0

0

1

5

7

1

1

1

8

0

0

10

17

Totals as f

9

4

0

2

16

20

3

1

4

13

0

0

32

40

Totals as %

28.1

10.0

0

5.0

50.0

50.0

12.5

32.5

0

0

100.0

100.0

A
th

th

9.4 2.5

E
th

4

8

Omit
4
8th

4

8th

th

th

Total
th

Table 15
Task 6 Fourth and Eighth Grade Written Response Frequencies, Effect of a Decrease in
Sunlight on an Ecosystem

NonScientific/
No
Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No
Scientific
NonFragments Scientific
Fragments
4th
8th
4th
8th

Grade
Level
Totals as f

4th

8th

9

11

20

27

2

Totals as
%

28.1

27.5

62.5

67.5

6.3

Scientific

Total

4th

8th

4th

8th

2

1

0

32

40

5.0

3.1

0.0

100.0

100.0

Fourth grade student outcomes. For Task 6 (Table 14), nine of 32 (28.1%)
students correctly indicated that plants would initially put more energy into growing taller
but would eventually begin to die if their energy requirements were no longer being met
(Option A). The most popular distractor, Option C, which stated that plants would
immediately begin to die, was selected by 16 fourth grade students and was fairly evenly
distributed between the three performance subgroups.
Closer examination of fourth grade students’ written responses (Table 15)
revealed numerous conceptual misunderstandings about plants ability to produce their
own food, store it, and use it to support life processes. Only one student, whose answer is
shown below, was able to provide a written explanation that was considered scientific.
I chose my answer because I know when one side of the plant is in the shade and
the other side in sunlight the side in the shade grows a little longer. Also I know
plants will die without sunlight because they can’t make food. (Student 8,
scientific, level 4)
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Although Student 8’s response was classified as scientific, it is also possible that this
student is indicating that the plant will die without sunlight, rather than put more energy
into growth until it depletes its energy source. Thus, a follow-up interview would be
helpful in characterizing this students’ understanding of this topic.
Of the remaining responses, two (6.3%) were classified as partially scientific with
no on-scientific fragments and 20 (62.5%) were classified as partially scientific with nonscientific fragments. The following fourth grade responses are representative examples of
level 3 and 2 responses.
I picked that because if sunlight eventually decreased then the plant wouldn’t die
immediately. It would stay alive for awhile but eventually die. (Student 35,
partially scientific, no non-scientific fragments, level 3)
Plants need certain amounts of sunlight to survive. If the amount of sunlight
gradually decreased, plants would have time to evolve into a new species of plant
that does not need as much sunlight. But, if sunlight suddenly decreased by a
certain amount, plants would not have time to evolve so they would die. (Student
16, partially scientific, non-scientific fragments, level 2)
The response given by Student 16 indicates a conceptual misunderstanding that, though
uncommon among fourth grade students, was popular among eighth grade students and
will be discussed in the next section.
Of the conceptual misunderstandings expressed by fourth grade students, one
occurred most frequently. Seven students (21.9%) indicated, either in their forced-choice
response, their written response, or both that in the event of a sudden decrease in sunlight
plants would need to substitute something else for sunlight, thus indicating that sunlight
is not the only energy source available in the environment for plants. The following are
several examples of two students, both of whom were part of the group of nine (28.1%)
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fourth grade students whose written responses were scored at a level 1. whose responses
expressed this conceptual misunderstanding.
I chose “D” because plants wouldn’t have sunlight so they would go to water.
(Student 1, non-scientific, level 1)
I decided that because if you take away something then you need to replace it.
(Student 31, non-scientific, level 1)
Fourth grade student responses to Task 5 suggest possible alternative energy sources
students might consider for plants living in environments of decreased sunlight.
Specifically, students’ responses to Task 5 commonly included oxygen, carbon dioxide,
water, and/or soil as required substances for photosynthesis.
Eighth grade student outcomes. Eighth grade forced-choice responses for Task 6
(Table 14) were particularly troublesome. That is, only four of 40 students (10.0%) in the
sample, all of whom were in the top performance subgroup, indicated the correct
understanding that in environments with greatly depleted light, plants would initially put
more energy into growing taller but would eventually begin to die if their energy
requirements were no longer met (Option A). Like the fourth grade students, the most
common distractor selected by 50% of the eighth grade students was Option C, plants
would immediately begin to die. Students selecting this response demonstrated the
conceptual misunderstanding that plants begin to die the moment sunlight ceases to be
available to plants. Considering that plants live for hours without sunlight as the Earth
rotates on its axis toward the sun, and then away from the sun, it is troubling that students
would select an answer choice that suggests plants begin to die every day when day
changes into night.
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Analysis of the eighth grade written explanations for Task 6 (Table 15) revealed
that no eighth grade students’ written responses were evaluated as scientific (levels 4 and
5) and only 5% earned a score of 3, or partially scientific with no non-scientific
fragments. Of the remaining responses, 67.5% were deemed partially scientific with nonscientific distractors (level 2) and the remaining 27.5% earned a score of 1 for being nonscientific. The following eighth grade responses are representative examples of level 3,
level 2, and level 1 responses.
Plants would initially begin to grow taller because they would try to get closer to
the available sunlight, but would die when they could not produce enough energy.
(Student 27, partially scientific, no non-scientific fragments, level 3)
The plant lost a source, so it makes up for it by using more of another source.
(Student 2, partially scientific, non-scientific fragments, level 2)
None of the choices felt right, so I picked one. (Student 20, non-scientific, level 1)
Many of the eighth grade students demonstrated the conceptual misunderstanding
that plants begin to die the moment sunlight ceases to be available to plants (Option C).
One student wrote, “Plants need sunlight to produce food. No sun, no food” (Student 37,
partially scientific, non-scientific fragments, level 2). Option E, selected by 13 of 40
students (32.5%), was another popular distractor. Like many of the fourth grade students,
these eighth grade students demonstrated the conceptual misunderstanding that other
materials can be substituted for light if it suddenly becomes unavailable in the
environment. Student 54 (partially scientific response) exemplifies this thinking,
“Sunlight isn't the only thing plants need to survive. If sunlight decreased, the plants
would more likely begin to be more reliable [reliant] on other substances.” Similar to
fourth grade responses, one can infer from this response that this student considers other
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materials in the environment, perhaps water, soil, carbon dioxide, or oxygen, as
alternative energy sources for plants.
Another popular conceptual misunderstanding that emerged in eighth grade
students’ responses was that plants could adapt to a decrease in sunlight by growing
taller. One student, for example, stated that, “The plants would adapt. For example the
trees in the canopy layer of the rainforest are so tall because they are reaching towards the
sun” (Student 15, partially scientific, non-scientific fragments, level 2). Although plants
can exhibit phototropism when they bend or stretch towards a source of light, the notion
that plants can adapt by altering their structure or function is incorrect. Instead, ecologists
consider this an example acclimatization, which is a term used to describe the ability of
organisms to make minor alterations in their physiology or anatomy (such as the ability
of plants to change their physiology to prepare for shorter or colder winter days) in
response to the chronic exposure to a new environment. Although the Student 15 never
explicitly used the term acclimatize, she appears to confuse this correct term with her use
of the term adapt, which involves an alteration in the anatomy or physiology of an
organism or any of its parts through natural selection. In other words, adaptations are
inherited and cannot be altered during changing environmental conditions. However, it is
somewhat understandable that many students hold this conceptual misunderstanding
since the term acclimatize is rarely used in most K-12 classrooms, whereas the term
adapt is commonly used in elementary and middle level classrooms and textbooks to
refer to inherited traits emerging through natural selection and alterations in the anatomy
and physiology of an organism as it acclimates to changing environmental conditions.
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Summary of Tasks 4-6
Overall, as shown in Table 16, students selected the correct responses to the
forced-choice questions on the assessment instrument 50.0% of the time. On average the
students in the high subgroup (n = 20) for fourth and eighth grade students combined
selected 70.0% correct responses in comparison to the middle subgroup (n = 25), which
selected 48.0% correct responses, and the low subgroup (n = 27), which selected 37.0%
correct responses.
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Table 16
Summary of Results for Forced-Choice Responses, Tasks 4-6
Task 4

Task 5

Task 6

Original Energy
Source for
Ecosystems

Required
Substances for
Photosynthesis

Effect of a
Decrease in
Sunlight on an
Ecosystem

4th
Grade

8th
Grade

4th
Grade

8th
Grade

4th
Grade

8th
Grade

High

Totals as %

84.6

100.0

76.9

85.7

30.8

57.1

Medium

Totals as %

100.0

100.0

33.3

37.5

22.2

0.0

Low

Totals as %

60.0

100.0

10.0

17.6

30.0

0.0

81.2

100.0

43.7

37.5

28.1

10.0

Overall Task Totals as %
by Grade Level
th
(4 grade n = 32; 8th
grade n = 40)
Overall Totals as % by
Task 4th and 8th Grade
(n = 72)

91.7

40.3

Overall Totals as % by
Topic 4th and 8th Grade
(n = 72)

18.1

50.0

Analysis of student forced-choice responses indicated that, of the three subtopics
assessed, students demonstrated the strongest understanding of the sun as the original
energy source in a forest ecosystem (91.7% correct responses). Students demonstrated a
moderate understanding of the substances required for photosynthesis (40.3% correct
responses) but had limited understanding of the ability of plants to make their own food
through photosynthesis, use the food they create to support life processes, and store the
food for later use, such as during winter months (18.1% correct responses). Interestingly,
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a higher percentage of fourth grade students sampled (28.1%) selected the correct forcedchoice response to Task 6 than the eighth grade students sampled (10.0%). This could
indicate that eighth grade students acquired conceptual misunderstandings through
instruction between grades four and eight. Another possible explanation is that some of
these results could be false positives through random guessing. Data from the written
responses would support this assertion, as fourth and eighth grade students’ written
responses were judged similarly in their understanding of how plants would react to
diminished levels of sunlight in the environment.
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Table 17
Summary of Results for Written Responses, Tasks 4-6
Scoring Levels
Scientific
Total
NonPartially
Partially
Scientific/
Scientific
Scientific
No
with Nonwith No
Response
Scientific
NonFragments
Scientific
Fragments
th
th
th
th
8th
4th
8th
4th
4
8
4
8
4th
8th
Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade
Task 4
Totals as
%
Task 5
Totals as
%
Task 6
Totals as
%
Overall
Totals as
% by
Grade

6.3

17.5

53.1

47.5

34.4

27.5

6.3

7.5

100.1†

100.0

21.9

22.5

56.3

57.5

9.4

5.0

12.5

15.0

100.1†

100.0

28.1

27.5

62.5

67.5

6.3

5.0

3.1

0.0

100.0

100.0

18.8

22.5

57.3

57.5

16.7

12.5

7.3

7.5

100.1†

100.0

Overall
Totals as
20.9
57.4
14.4
%,
4th and 8th
Grade
Students
Combined
(n = 72)
†
Percentages do not add up to 100 due to rounding.

7.4

100.1†

Analysis of students’ written responses (Table 17) reveals that, overall, 7.4% of
the fourth and eighth grade students’ written responses were classified as scientific,
14.4% of responses were classified as partially scientific with no non-scientific
fragments, 57.4% of responses were classified as partially scientific with non-scientific
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fragments, and 20.9% of responses were classified as non-scientific. Further analysis
reveals several areas of concern, including 1) ability to explain the meaning of the sun as
the original energy source for most ecosystems; 2) difficulty distinguishing between
concepts of adaptation and acclimatization; and 3) understanding of plants’ ability to
make, store, and use food they produce through photosynthesis and how this relates to
their ability to live in environments with diminished light levels.
Tasks 7 through 9: Interdependency between Organisms in Ecosystems
Tasks 7-9 assessed fourth and eighth grade students’ understanding of
interdependency among organisms in ecosystems, with specific focus on energy flow
through food chains and food webs; concepts common in the fourth and eighth grade
science curriculum. Task 7 (Table 18) narrowed the concept of energy flow within an
ecosystem to a simple representation of energy flow through a particular food chain.
Specifically, students were expected to demonstrate the understanding that not all of the
energy in one trophic level is transferred to the next trophic level, since some of the
chemical energy in each trophic level is transformed into other energy forms, such as
thermal energy, that are inaccessible to organisms higher trophic levels in an ecosystem.
Task 8 (Table 20) expands the simplified concept of a food chain to the more complex
concept of a food web, specifically considering how removing one population would
affect other populations within the ecosystem. Task 9 (Table 22) asked students to
consider the effect that removing a population from an ecosystem would have on other
populations not directly linked to it.
Task 7: Energy flow in a food chain. Task 7 (Table 18) assessed students’
understanding of energy flow through a food chain. For the forced-choice portion of the
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task, students were expected to demonstrate the understanding that some, but not all
energy is passed from one trophic level to the next. Thus, in the illustration provided,
there would be more energy available to snakes, a secondary consumer, in the form of
rabbits than is available to hawks, a tertiary consumer, in the form of snakes, Option C.
Response frequencies for the accompanying written explanations for Task 7 are displayed
in Table 19. Outcomes for Task 7 for fourth and eighth grade students, respectively, will
be discussed in the following sections.
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Table 18
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 7, Energy Flow in a Food
Chain

Task 7. Consider the food chain above. Which of the following is true?
A. There are probably more hawks than snakes in this community.
B. There are probably more snakes than rabbits in this community.
C. There is probably more energy available to snakes in the form of rabbits than is available to hawks in the form of snakes.
D. All of the energy in rabbits that are eaten by snakes is passed on to the snake.
E. All of the energy in the rabbits is passed on to the hawk when it eats the snake.
A
th

th

th

Answer Options
D
C
th
th
th
4
8th
4
8

4

8

0

3

0

0

0

13

7

2

4

2

0

0

0

9

16

2

2

6

2

5

0

0

10

17

21

4

10

7

5

0

0

32

4

8

4

8

Subgroup
High

5

0

1

0

4

7

0

Medium

3

0

0

0

2

12

Low

3

4

1

0

2

Totals as f

11

4

2

0

8

34.4

10.0

6.3

0

25.0

Percentages do not add up to 100 due to rounding.

E

Omit
4
8th

Grade Level

Totals as %
†

th

B

52.5

12.5

25.0

th

21.9

th

12.5

th

0

0

Total
th

4

8th

40
†

100.1

100.0

Table 19
Task 7 Fourth and Eighth Grade Written Response Frequencies, Energy Flow in a Food
Chain

NonScientific/
No Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

Scientific

Total

Grade
Level
Totals as f

4th

8th

4th

8th

4th

8th

4th

8th

4th

8th

17

10

13

19

2

6

0

5

32

40

Totals as
%

53.1

25.0

40.6

47.5

6.3

15.0

0

12.5

100.0

100.0

Fourth grade student outcomes. For Task 7 (Table 18), eight of 32 fourth grade
students (25.0%) correctly recognized that there would be more energy available to
snakes in the form of rabbits than is available to hawks in the form of snakes. The most
popular distractor, Option A, was selected by 11 of 32 students (34.4%), and these
students were distributed among all three performance subgroups. These students
demonstrated the conceptual misunderstanding that there would be more tertiary
consumers, hawks, in the ecosystem compared to secondary consumers, snakes.
Analysis of the fourth grade students’ written responses for Task 7 (Table 19)
revealed that students were even less successful at explaining the scientific reasoning to
support their forced-choice response than they were at selecting the correct forced-choice
option. No student’s response was classified as scientific (levels 4 and 5), and only two
students’ responses (6.3%), which are shown below, were evaluated as partially scientific
with no non-scientific fragments (level).
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Somewhere I learned that not all of the energy from an organism is passed on to a
different organism. (Student 16, partially scientific, no non-scientific fragments,
level 3)
I thought this because snakes eat rabbits or rodents and hawks eat snakes.
(Student 25, partially scientific, no non-scientific fragments, level 3)
Student 16 correctly indicated that some, but not all, energy is transferred from one
organism to the next when eaten. Additionally, Student 25 was able to explain that energy
transfers from prey to predator. However, both of these students fail to accurately explain
or provide an example of where the energy that is not passed to the next trophic level
goes (e.g., thermal energy transferred from an organisms’ body to the environment). Of
the remaining responses, 40.6% were assigned a score of 2, or partially scientific with
non-scientific fragments, and 53.1% of students’ responses were deemed non-scientific,
earning a score of 0 or 1. The following fourth grade responses are representative
examples, of level 2 and level 1 responses, respectively.
I think this because hawks eat snakes that eat rabbits so there should be more
hawks than snakes in the community. (Student 26, partially scientific, nonscientific fragments, level 2)
I chose C because the snake is smaller than the rabbit and because by the time the
hawk eats the snake, the snake will have probably already used the energy from
the rabbit up. (Student 34, partially scientific, non-scientific fragments, level 2)
Because the snake has probably already used most of the rabbit’s energy.
(Student 40, partially scientific, non-scientific fragments, level 2)
I think this because hawks live in the same place snakes do. (Student 10, nonscientific, level 1)
I thought of the first one, A. And I thought it was correct because if I think about it
there aren’t many snakes in our community and there are some hawks. (Student
42, non-scientific, level 1)
The most common conceptual misunderstanding among fourth grade students,
such as Student 40 above, was that all of the energy is passed from one trophic level to
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the next in feeding relationships. Eight of the fourth grade students demonstrated this
conceptual misunderstanding in some way. Therefore, students at this level seem to
struggle with the idea that some, but not all energy, is transferred from organism to
organism in feeding relationships. The remaining energy is not passed to the next link in
the food chain but, rather, is transformed into energy forms not accessible to organisms in
higher trophic levels, such as motion and transfer of thermal energy to the environment.
An additional five students, such as Student 42 above, expressed the non-scientific
conception that there would be more hawks than snakes in the ecosystem described.
Though none of these students elaborated on why they believe there would be more
hawks than snakes in the ecosystem, it is possible that it is an issue of size–the bigger the
organism, the more of their kind will be present in an ecosystem. Follow-up interviews
could confirm this inference.
Eighth grade student outcomes. Eighth grade outcomes for Task 7 (Table 18) are
somewhat more encouraging than the fourth grade results, as 21 out of 40 (52.5%)
students selected the correct forced-choice response, Option C. The most common
distractor, Option D, which stated that all of the rabbits’ energy would be passed on to the
snakes, was selected by 10 (25.0%) students, all of whom were in the middle and low
performance subgroups.
Analysis of the eighth grade written explanations for Task 7 (Table 19) revealed
that students were more successful at selecting the forced-choice option, correctly
identifying that there is more energy available to snakes in the form of rabbits than is
available to hawks in the form of snakes, than in offering scientific reasoning for their
answer selection. Only five (12.5%) eighth grade students’ written responses were
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evaluated as scientific (levels 4 and 5). The following eighth grade student responses are
representative of scientific, in-depth (level 5), and scientific, not in-depth (level 4)
responses.
When an organism eats another organism, not all the energy is passed on, which
eliminates answers D and E. Also, the higher up you go in the levels of the food
chain pyramid, the less organisms on each level. This eliminates answers A and
B. (Student 1, scientific, in-depth, level 5)
I know that there cannot be more of a predator than its prey, otherwise the prey
would quickly die out. I also know that not all of the energy of the prey is passed
on to the predator. That leaves only option C. (Student 11, scientific, not in-depth,
level 4).
The snake gets more energy in the form of rabbits than the hawk gets in the form
of snakes because more and more energy is lost as you move higher up in the food
chain. (Student 18, scientific, not in-depth, level 4)
Student 1 recognized that not all energy is passed from one organism to the next in a food
chain and understood that because energy is lost at each trophic level, the higher trophic
levels have fewer individuals. If there were more predators than prey in a food chain,
predators would hunt their prey to extinction.
Of the remaining written explanations, six of 40 (15.0%) were classified as
partially scientific with no non-scientific fragments, 19 of 40 (47.5%) were classified as
partially scientific with non-scientific fragments, and ten of 40 (25%) were classified as
non-scientific. The following eighth grade responses are representative examples of level
3, 2, and 1 responses, respectively.
In order for anything below the hawk to live, each bigger organism has to have
fewer numbers than the one below it. (Student 20, partially scientific, no nonscientific fragments, level 3)
I think C is correct because each time an organism eats an animal some of its
energy is lost, so the top of the food chain would have less energy. (Student 25,
partially scientific, no non-scientific fragments, level 3)
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There isn’t a predator for hawks so the population would be greater than snakes.
(Student 2, partially scientific, non-scientific fragments, level 2)
When the snake eats the rabbit it is also taking in whatever the rabbit ate for
nutrition. (Student 9, partially scientific, non-scientific fragments, level 2)
When the snake eats the rabbit, its energy goes to the snake, because the rabbit
might not of digested it yet so it's energy goes to the snake. (Student 35, partially
scientific, non-scientific fragments, level 2)
Because rabbits are larger. (Student 51, non-scientific, level 1)
I know how a food chain works. (Student 22, non-scientific, level 1)
Several conceptual misunderstandings emerged in eighth grade student written
responses. A popular conceptual misunderstanding shared by four eighth grade students,
including Student 2 above, was that there are more hawks in the ecosystem than
organisms that are found below it on the food chain. Ten eighth grade student responses,
including the response from Student 35 above, indicated that all of the energy in the
organism that is being consumed is transferred to the organism at the next trophic level.
Additionally, Student 35, who incorrectly selected Option D for the forced-choice
question and whose response above was classified as partially scientific with nonscientific fragments, demonstrated the conceptual misunderstanding that the rabbit’s
undigested food is the main source of energy for the snake, rather than the energy stored
in the rabbit’s flesh. Furthermore, Student 51’s response, “The rabbits are bigger” that
he wrote to support his selection of Option C, “There is probably more energy available
to snakes in the form of rabbits than is available to hawks in the form of snakes,”
indicates a belief that size is more significant than number in regards to the amount of
energy that is passed from one trophic level to the next in a food chain.
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Task 8: Effect of removing a directly linked population from a food web.
Task 8 (Table 20) expands the simplified concept of a food chain to the more complex
concept of a food web, specifically considering the effect that removing one population
would have on other directly linked populations within the ecosystem. For the forcedchoice portion of the task students were expected to identify that the starfish would be
most affected by the removal of the mollusks from the ecosystem, Option C. Response
frequencies for the accompanying written explanations for Task 8 are displayed in Table
21. Outcomes for Task 8 for fourth and eighth grade students, respectively, will be
discussed in the following sections.
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Table 20
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 8, Effect of Removing a
Directly Linked Population from a Food Web

Task 8. If all of the mollusks were removed from the ecosystem shown above, which organism/organisms would be MOST
affected?
A. small and large fish
B. plankton
C. starfish
D. octopus
E. starfish and octopus

4
2
2

Answer Options
D
C
th
th
th
th
8
4
8th
4
8
0
2
2
4
5
0
1
0
1
13

4
5
3

0

1

1

3

4

2

1

0

0

5

1

8

22

5

0

0

Subgroup
Grade Level
High
Medium

A
4
0
0

8
0
0

Low

0

Totals as f
Totals as %

th

B
th

th

15.6 2.5 25.0 55.0 15.6

E
8
0
3

Omit
4
8th
0
0
2
0

th

4
13
9

8th
7
16

4

11

0

0

10

17

3

12

14

2

0

32

40

7.5

37.5

35.0

6.3

0

100.0

100.0

th

th

th

Total

Table 21
Task 8 Fourth and Eighth Grade Written Response Frequencies, Effect of Removing a
Directly Linked Population from a Food Web

NonScientific/
No Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

Scientific

Total

Grade
Level
Totals as f

4th

8th

4th

8th

4th

8th

4th

8th

4th

8th

16

0

9

22

2

13

5

5

32

40

Totals as
%

50.0

0

28.1

55.0

6.3

32.5

15.6

12.5

100.0

100.0

Fourth grade student outcomes. For Task 8 (Table 20), eight of 32 (25.0%)
students correctly identified starfish as the organism that would be most affected by the
removal of mollusks from the ecosystem (Option C). Twelve fourth grade students, who
were fairly evenly distributed among the three performance subgroups, selected the most
popular distractor, Option E, starfish and octopus.
Closer examination of students’ written responses for Task 8 (Table 21) revealed
even less encouraging results, as only five of 32 (15.6%) students’ responses were
classified as scientific (level 4). The following fourth grade student responses are
representative of scientific, not in-depth responses.
From the web shown (I’m sure there is more things these creatures eat) starfish
will be most affected because that is all starfish eat (octopi still have the crabs).
(Student 17, scientific, not in-depth, level 4)
Because it shows the starfish(s) eats the mollusks and without them they would
not get food and probably die. (Student 47, scientific, not in-depth, level 4)
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Student 17 correctly indicated that starfish only eat mollusks and, therefore, would be
more affected than octopi, which could still rely on crabs as a food source if the mollusks
were to disappear from the ecosystem. Conversely, Student 47 correctly explained that,
without a food source, the starfish would die.
Of the remaining 27 responses, 6.3% were assigned a score of 3, or partially
scientific with no non-scientific fragments and 28.1% earned a score of 2, or partially
scientific with non-scientific fragments. The remaining 50.0% of students’ responses
were deemed non-scientific or a non-response, thus earning a score of 1 or 0 and
indicating no scientific understanding of the content related to the question. The
following fourth grade responses are representative examples of level 3, level 2, and level
1 responses.
I thought that would happen because the starfish eat mollusks. (Student 52,
partially scientific, no non-scientific fragments, level 3)
I chose my answer because the starfish and the octopus eat the mollusk. (Student
15, partially scientific, non-scientific fragments, level 2)
Starfish only eat mollusks in that picture so then if no mollusks would be there
starfish would die out meaning octopi would not have enough to eat so they would
die out. (Student 16, partially scientific, non-scientific fragments, level 2)
I thought that because plankton eats the mollusks. (Student 42, non-scientific,
level 1)
I would say the plankton, because it’s small and tiny. So most organisms will try
to eat that organism. (Student 29, non-scientific, level 1)
I think if the mollusks were removed the octopus would be most affected because
most arrows are pointing at it. (Student 35, non-scientific, level 1)
I thought “octopus” because the octopus is on top of the food chain/web. (Student
45, non-scientific, level 1)
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Of the conceptual misunderstandings demonstrated in students’ responses, the
most popular, which was demonstrated by 12 of 32 (37.5%) student, including Students
15 and 16 above, was that starfish and octopi would be equally affected by the removal of
the mollusks from the ecosystem. Two students, including Student 35 above,
demonstrated the conceptual misunderstanding that the more arrows that are pointing
towards an organism in the food web, the more affected it would be if a change were to
occur in the ecosystem. And three students’ responses, including that of Student 42
above, indicated a misunderstanding of the direction of energy flow in the food web, such
as plankton eating mollusks instead of the reverse.
Eighth grade student outcomes. The eighth grade students in the sample
performed moderately well on this Task 8 (Table 20), with 22 of 40 (55.0%) correctly
selecting Option C, starfish. The selection of this option demonstrated the scientific
understanding that removing a population (mollusks) from an ecosystem would most
greatly affect a population (starfish) whose only food source is the removed species. Note
that five of seven students (71.4%) respondents in the high performance subgroup and 13
of 16 students (81.5%) in the middle performance subgroup correctly selected Option C.
In comparison, only four of 17 students (23.5%) in the low performance subgroups
selected this option. The most common distractor, Option E, starfish and octopus, was
selected by 14 of 40 (35.0%) eighth grade students. Students selecting this option viewed
octopi and starfish as equally affected by the removal of mollusks from the ecosystem.
Analysis of the eighth grade written explanations for Task 8 (Table 21) revealed
that students were more successful at selecting the forced-choice option correctly
identifying starfish as the organism that would be most affected by the removal of the
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mollusks from the ecosystem, than they were able to explain the scientific reasoning to
support this response. Only 12.5% of responses were evaluated as scientific (levels 4 and
5). The following eighth grade student responses are representative of scientific, in-depth
(level 5) and scientific, not in-depth (level 4) responses.
I know that that starfish would probably be the most affected because the
mollusks are its only food source. The octopus would also be greatly affected,
because by the depletion of mollusks the starfish population would also go down,
but I think the starfish would be the most affected. (Student 36, scientific, indepth, level 5)
Starfish would be the most affected because the mollusks are the starfish’s only
source of food. (Student 23, scientific, not in-depth, level 4)
These two students correctly indicated that starfish would be the most affected or would
die once their only food or energy source, the mollusks, disappeared from the ecosystem.
However, Student 36, whose response was considered scientific and in-depth (level 5)
elaborated on her response and explained that octopi, though likely negatively affected by
the disappearance of the mollusks, one of its food sources, could continue to rely on
starfish as a food source, at least initially. Thus, the starfish would likely be more affected
than the octopi by the disappearance of the mollusks from the ecosystem.
Of the remaining responses, 32.5% were assigned a score of 3, or partially
scientific with no non-scientific fragments and 55.0% were assigned a score of 3, or
partially scientific with non-scientific fragments. No eighth grade students’ responses
were scored as being completely non-scientific, which is somewhat encouraging. The
following eighth grade responses are representative examples of level 3 or 2 responses.
Starfish only have mollusks to eat so if their only food source were gone there
wouldn’t be anything for them to eat. (Student 4, partially scientific, no nonscientific fragments, level 3)
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Because the starfish’s only energy source was the mollusk. (Student 40, partially
scientific, no non-scientific fragments, level 3)
Octopus and starfish would be most affected if mollusks were removed from the
ecosystem because they would be losing their source of food, so they could not
survive. (Student 9, partially scientific, non-scientific fragments, level 2).
The octopus would be the most affected because it would essentially lose two of its
food sources. The mollusks would be gone (which the octopus eats), and the
starfish (another food source of the octopus) would die out because they (the
starfish) eat only mollusks, which are now gone. (Student 11, partially scientific,
non-scientific fragments, level 2)
As with the fourth grade students, the most common conceptual
misunderstanding, which was demonstrated by 13 of 40 (32.5%) eighth grade students,
including Student 9 above, was that the octopi and starfish would be most or equally
affected. An additional conceptual misunderstanding that was shared by three of 40
(7.5%) eighth grade students, including Student 11 above, was that the organism that
loses the most food sources would be most affected. In other words, the octopi would be
more affected than the starfish because they would lose two food sources (mollusks and
starfish), whereas the starfish would lose only one food source (mollusks).
Task 9: Effect of removing an indirectly linked population from a food web.
Task 9 (Table 22) asked students to consider what effect removing a population from an
ecosystem would have on other populations not directly linked to it. The selection of
Option C, indicating that the butterfly population would decrease, demonstrated the
scientific understanding that a decrease in the snake population, a tertiary consumer,
would result in an increase in the populations of secondary consumers–in this case the
frog population, which snakes prey upon. This, in turn, would result in a decrease in the
butterfly population, a primary consumer and a food source for the frogs. Response
frequencies for the accompanying written explanations for Task 9 are displayed in Table
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23. Outcomes for Task 9 for fourth and eighth grade students, respectively, are discussed
in the following sections.
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Table 22
Fourth and Eighth Grade Forced-Choice Response Frequencies by Performance Subgroup for Task 9, Effect of Removing an
Indirectly Linked Population from a Food Web
Task 9. Suppose all the snakes were removed from this ecosystem shown below. Which of the following would
you expect to initially happen to the butterfly population?
A.
B.
C.
D.
E.

The butterfly population would not change.
The butterfly population would increase.
The butterfly population would decrease.
The butterfly population would initially increase, then decrease.
The butterfly population would die.

Hawk

Fox

Snake

Lizard
Mouse
Beetle

Toad

Butterfly

Grass
Flower

A

Answer Options
B
C
8th
8th
4th

D

E

4th

8th

4th

8th

Omit
4th 8th

4th

8th

7
13

0
1

0
0

1
1

0
0

0
2

0
0

13
9

7
16

0

11

0

1

1

0

0

0

10

17

1

13

31

1

1

3

0

2

0

32

40

2.5

40.6

77.5

3.1

2.5

9.4

0

6.3

0

100.0

100.0

4th

8th

4th

Subgroup
High
Medium

0
2

0
3

1
1

0
0

11
2

Low

6

4

3

1

Totals as f

8

7

5

Totals as %

25.0

17.5

15.6

Grade
Level

Total

Table 23
Task 9 Fourth and Eighth Grade Written Response Frequencies, Effect of Removing an
Indirectly Linked Population from a Food Web

NonScientific/
No Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

Scientific

Total

Grade
Level
Totals as f

4th

8th

4th

8th

4th

8th

4th

8th

4th

8th

13

3

9

8

2

2

8

27

32

40

Totals as
%

40.6

7.5

28.1

20.0

6.3

5.0

25.0

67.5

100.0

100.0

Fourth grade student outcomes. For Task 9 (Table 22), 13 of 32 (40.6%) fourth
grade students correctly indicated that the butterfly population would decrease if all of
the snakes were removed from the ecosystem (Option C). The most popular distractor,
Option A, which indicated that the butterfly population would not change, was selected
by eight fourth grade students, most of whom (six of eight) were in the low performance
subgroup. Though the overall fourth grade results for the forced-choice portion of this
task were are somewhat encouraging, closer examination of students’ written responses
reveal several noteworthy conceptual misunderstandings. Only 25% of fourth grade
student responses were evaluated as scientific (levels 4 and 5). The following fourth
grade student responses are representative of scientific, in-depth (level 5) and scientific,
not in-depth (level 4) responses.
I chose my answer because since snakes eat the toads and the toads eat the
butterflies, if the snake was removed the food population would increase a lot. So
more toads means they need more butterflies. (Student 8, scientific, in-depth,
level 5)
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Snakes do not eat butterflies, but they do eat toads. Toads will increase, so more
toads to eat butterflies. (Student 17, scientific, not in-depth, level 4).
I decided this because then the snakes would not eat the toad so the toad would be
able to eat more butterflies. (Scientific, not in-depth, level 4)
All three of these students above correctly indicated that the toad population would
increase with the disappearance of their predator, the snake, and would, therefore, eat
more of its prey, the butterfly.
Of the remaining responses, 6.3% were judged at the level 3, or partially scientific
with no non-scientific fragments and 28.1% were assigned a score of 3, or partially
scientific with non-scientific fragments. The remaining 40.6% of students’ responses
were deemed non-scientific or no response, and thus they were evaluated at a level of 1
or 0. The following fourth grade student responses are representative examples of levels
3, 2, and 1 respectively.
I thought that “the butterfly population would decrease” because if the snakes
were gone then more tads would live then butterflies would die. (Student 45,
partially scientific, non-scientific fragments, level 3)
I think the butterfly population will not change because when I was looking at the
chart, the arrows did not point from snake to butterfly. (Student 35, partially
scientific, non-scientific fragments, level 2)
Because all the toads would eat all the butterflies and nothing would eat the toads
so the toad population would increase and the butterfly population would die.
(Student 40, partially scientific, non-scientific fragments, level 2)
Snakes eat butterflies so if snakes were not here there would be more butterflies.
(Student 38, non-scientific, level 1)
The butterfly population would decrease because snakes eat butterflies and if
snakes were gone butterflies would be reproducing. (Student 21, non-scientific,
level 1).
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Several conceptual misunderstandings emerged in analysis of fourth grade written
responses. The most common of these was that the butterfly population would not change
because the snake was not directly linked to the butterfly, or because the butterfly was
lower on the food chain than the snake. Seven (21.9%) fourth grade students shared this
view, including Student 35 above. Another popular conceptual misunderstanding
indicated by four (12.5%) fourth grade students, including Student 40 above, was that the
butterfly population would die. Responses elucidated student thinking, explaining that the
toads would eat all of the butterflies. A third popular conceptual misunderstanding
demonstrated by another four (12.5%) fourth grade students, including Student 38 above,
was that the butterfly population would increase. These students did not understand that
the disappearance of the snakes would lead to an increase of its prey, the toads.
Removing the snakes would allow the population of toads to increase, resulting in a
decrease in the toad’s prey, the butterflies. Finally, three (9.4%) fourth grade students,
including Student 21 above, incorrectly indicated in their responses that snakes eat
butterflies.
Eighth grade student outcomes. Eighth grade outcomes for Task 9 (Table 22) are
considerably more encouraging, as 31 of 40 (77.5%) students correctly selected Option
C, the butterfly population would decrease. The selection of this option demonstrated the
scientific understanding that a decrease in the snake population, a tertiary consumer,
would result in an increase in the populations of secondary consumers–in this case the
frog population, which snakes prey upon. This, in turn, would result in a decrease in the
butterfly population, a primary consumer and a food source for the frogs. Note that all the
respondents in the high performance subgroup correctly selected option C. In
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comparison, only 13 of 16 (81.3%) and 11 of 17 (64.7%) students in the middle and low
performance subgroups, respectively, selected this option. Seven (17.5%) students
selected the most popular distractor, Option A, which stated that the butterfly population
would not change.
Analysis of the eighth grade written explanations for Task 9 (Table 23) are also
somewhat encouraging, as 27 of 40 (67.5%) students’ responses were classified as
scientific (levels 4 and 5). The following eighth grade student responses are
representative of scientific, in-depth (level 5) and scientific, not in-depth (level 4)
responses.
Fewer toads would be eaten if snakes were removed. Therefore, the toad
population would increase and, as they eat more butterflies, the butterfly
population would decrease. (Student 1, scientific, in-depth, level 5)
Without a predator, more toads would be available to eat more butterflies, which
would cause the butterfly population to decrease. (Student 52, scientific, not indepth, level 4)
Since snakes are not available to eat the toads, the toad population will increase
and eat more butterflies. (Student 30, scientific, not in-depth, level 4)
All three of the responses above demonstrate a scientific understanding of the indirect
impact that the removal of the snakes would have on the butterfly population.
Of the remaining responses, two (5.0%) were assigned a score of 3, or partially
scientific with no non-scientific fragments, and 8 (20.0%) were assigned a score of 2, or
partially scientific with non-scientific fragments. The remaining 7.5% of students’
responses were deemed non-scientific, thus earning a score of 1. The following eighth
grade responses are representative examples of level 3, 2, and 1 responses, respectively.
More butterflies would die as more frogs are available in the ecosystem to eat
them. (Student 41, partially scientific, no non-scientific fragments, level 3)
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Butterflies have no direct relation with snakes in the ecosystem, so they would not
be affected by the change. (Student 9, partially scientific, non-scientific
fragments, level 2)
The snake and butterflies don’t have a direct connection. So it wouldn’t make a
difference. (Student 42, partially scientific, non-scientific fragments, level 2)
Butterflies aren’t affected by snakes. Snakes aren’t affected by butterflies.
(Student 37, non-scientific, level 1)
Many of the eighth grade students sampled recognized that a change in the snake
population would affect the butterfly population, even though they are not directly linked
in the food web. For example, although Student 41, whose response was evaluated as
level 3, does not mention how the disappearance of snakes will affect the toad population,
she does correctly state that an increase in the toad population would lead to a decrease in
the butterfly population. However, seven of 40 (17.5%) students, including Students 9
and 42 above, failed to demonstrate the understanding that a change in one population in
a food web eventually affects all other populations in the web. Thus, their responses were
evaluated as level 2. As was the case with the fourth grade students, this conceptual
misunderstanding that one population in a food web does not have an effect on other
populations in the food web, unless they are directly linked, was the most popular among
the eighth grade students.
Summary of Tasks 7-9
Overall, as shown in Table 24, fourth and eighth grade students selected the
correct responses to the forced-choice questions on the assessment instrument for Tasks
7-9 47.7% of the time. On average the students in the high subgroup (n = 20) for fourth
and eighth grade students combined selected 63.3% correct responses in comparison to
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the middle subgroup (n = 25), which selected 57.3% correct responses, and the low
subgroup (n = 27), which selected 27.2% correct responses.
Table 24
Summary of Results for Forced-Choice Responses, Tasks 7-9
Task 7

Task 8

Task 9

Energy Flow in a
Food Chain

Effect of Removing
a Directly Linked
Population from a
Food Web

Effect of Removing
an Indirectly
Linked Population
from a Food Web

4th
Grade

8th
Grade

4th
Grade

8th
Grade

4th
Grade

8th
Grade

High

Totals as %

30.8

100.0

30.8

71.4

84.6

100.0

Medium

Totals as %

22.2

75.0

11.1

81.2

22.2

81.2

Low

Totals as %

20.0

11.8

30.0

23.5

0.0

64.7

25.0

52.5

25.0

55.0

40.6

77.5

Overall Task Totals as %
by Grade Level
(4th grade n = 32; 8th
grade n = 40)
Overall Totals as % by
Task 4th and 8th Grade
(n = 72)

40.3

41.7

Overall Totals as % by
Topic 4th and 8th Grade
(n = 72)

61.1

47.7

Analysis of student forced-choice responses (Table 24) indicated that, of the three
subtopics assessed, students demonstrated the strongest understanding of the effect of
removing an indirectly linked population from a food web (61.1% correct responses).
However, students demonstrated a weaker ability, particularly among fourth grade
students, to correctly identify the effect of removing a directly linked population from a

115

food web (41.7% correct responses) and of energy flow in a food chain (40.3% correct
responses). Further analysis of students’ written responses (Table 25) provides support
for these identified areas of weakness and reveals numerous conceptual
misunderstandings, some of which were exclusive to fourth grade students and some of
which were shared by fourth and eighth grade students. Overall, 23.1% of the fourth and
Table 25
Summary of Results for Written Responses, Tasks 7-9

NonScientific/
No Response

Scoring Levels
Partially
Partially
Scientific
Scientific
with Nonwith No NonScientific
Scientific
Fragments
Fragments

Scientific

Total

4th
8th
4th
8th
4th
8th
4th
8th
4th
8th
Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade
Task 7
Totals as
%
Task 8
Totals as
%
Task 9
Totals as
%
Overall
Totals by
Grade

53.1

25.0

40.6

47.5

6.3

15.0

0

12.5

100.1† 100.0

50.0

0

28.1

55.0

6.3

32.5

15.6

12.5

100.0

100.0

40.6

7.5

28.1

20.0

6.3

5.0

25.0

67.5

100.0

100.0

47.9

10.8

32.3

40.8

6.3

17.5

13.5

30.8

100.0

99.9†

Overall
Totals,
27.3
37.0
12.5
4th and 8th
Grade
Students
Combined
(n = 72)
†
Percentages do not add up to 100 due to rounding.
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23.1

99.9†

eighth grade students’ written responses were classified as scientific, 12.5% of responses
were classified as partially scientific with no non-scientific fragments, 37.0% of
responses were classified as partially scientific with non-scientific fragments, and 27.3%
of responses were classified as non-scientific. Specific areas of concern included
students’ ability to accurately explain: 1) the amount of energy that is passed from one
trophic level to the next in a food chain; 2) the number of organisms present in different
trophic levels in a food web; 3) the impact that removing a directly linked population
from a food web and of energy flow in a food chain; and 4) the impact that the number of
food sources lost in a food web has on a predatory population.
Given that students in the current study struggled with understanding the impact
that removing a directly linked population would have on populations in a food web, it is
not surprising that students at both the fourth and eighth grade level also demonstrated
conceptual difficulty regarding the effect of removing an indirectly linked population
from a food web (Task 9). Of these conceptual misunderstandings, the most prevalent,
which was shared by over 20% of fourth grade students and nearly 20% of eighth grade
students, was that a change in one population in a food web does not affect another
population in the same food web unless they are directly linked.
Fourth grade students also demonstrated additional conceptual misunderstandings
about this topic that were not demonstrated by eighth grade students. Nearly 13% of
fourth grade students demonstrated the conceptual misunderstanding that a decrease in a
tertiary consumer in a food web would lead to an increase in a primary consumer
population and also demonstrated difficulty with identifying who eats whom in a food
web. Approximately 13% of fourth grade students believed that a population would die if

117

another indirectly linked population were removed from the ecosystem, even if the first
population had other food sources available. Finally, nearly 10% of fourth grade students
indicated that a tertiary consumer ate a primary consumer, though they were not directly
linked in the food web. These findings support other studies (e.g., Barman & Mayer,
1994; Gotwals & Songer, 2010; Hogan, 2000; Reiner & Eliam, 2001) that document
students’ difficulty with explaining how the removal of one organism from a food chain
or food web affects other organisms in the ecosystem. For example, many of the ninth
grade Israeli students in Reiner and Eliam’s study believed that if one organism was
removed from a food chain then all organisms below that organism would increase and
all organisms above it would disappear from the ecosystem. In addition, Barman and
Mayer (1994) found that Midwestern U.S. high school students struggled with providing
scientific explanations of how a change in one population in a food web affected other
populations in the food web. If high school students struggle with these concepts, it is
understandable that fourth and eighth grade students might as well. In addition, other
studies (e.g., Demetriou, Korfiatis, & Constantinou; Hogan, 2000; White, 2000) have
documented that students who hold conceptual misunderstandings about trophic relations
also experience difficulty with understanding more complex ecological processes and
environmental issues, such as the effects of an oil spill on an aquatic environment. Thus,
it is concerning that students in the current study, even at the eighth grade level, struggled
with these basic concepts related to energy flow in ecosystems.
Overall Summary of Tasks 1-9
In summary, of the 648 possible correct responses on the nine forced-choice
assessment tasks, 366 (56.5%) correct responses were selected. A comparison of the high,
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middle, and low performance subgroups reveals disparities in content understanding.
Specifically, the high performance subgroup selected 132 of a possible 180 correct
responses (73.3%), compared to the middle performance subgroup, who selected 143 of a
possible 225 (63.6%) correct responses and the low performance subgroup, who selected
only 104 of a possible 243 (42.8%) correct responses. This disparity indicates the
performance of the high subgroup positively skews the performance of the entire sample
and masks the much weaker understanding of the students in the middle and low
subgroups.
To compare fourth and eighth grade students’ understanding of energy flow concepts
assessed in the current study, the Rasch model was employed. First, fourth and eighth
grade students’ overall scores on the forced-choice portion of the assessment instrument
were used to calculate person measures. Next, an independent samples t-test was
conducted to test the null hypothesis that there was no difference in the fourth and eighth
grade students’ overall scores on the forced-choice portion of the assessment instrument.
Based on the data, the null hypothesis was rejected (t (70) = 5.1661; p = <.0001). This
means that, as expected, eighth grade students scored significantly higher overall on the
forced-choice portion of the assessment instrument. This can likely be attributed to the
standards-based science instruction students received between grades four and eight.
Results from the fourth and eighth grade students’ written explanations reveal that
120 out of 648 responses (18.5%) were classified as scientific (levels 4 or 5), 109 out of
648 responses (16.8%) were classified as partially scientific with no non-scientific
fragments (level 3), 273 out of 648 responses (42.1%) were classified as partially
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scientific with non-scientific fragments (level 2), and 146 out of 648 responses (22.5%)
were classified as non-scientific or non-codable (level 1 or level 0).
The Rasch model was employed by using each fourth and eighth grade student’s
overall scores the written explanation portion of the assessment instrument to calculate
person measures. Subsequently, an independent samples t-test was conducted to test the
null hypothesis that there was no difference in the fourth and eighth grade students’
overall scores on the written explanation portion of the assessment instrument. Based on
the data, the null hypothesis was rejected (t (70) = 5.2236; p = <.0001). Thus, as
expected, eighth grade students scored significantly higher overall on the written
explanation portion of the assessment instrument. As with the forced-choice results, these
findings can likely be attributed to the standards-based science instruction students
received between grades four and eight.
An independent samples t-test was also conducted to test the null hypothesis that
there was no difference in the fourth and eighth grade students’ overall scores on the
confidence rating portion of the assessment instrument. Based on the data, the null
hypothesis was rejected (t (70) = 3.8706; p = <.0001). Thus, as expected, the eighth grade
students reported significantly higher confidence levels than the fourth grade students.
However, both fourth and eighth grade students’ confidence ratings were surprisingly low
on many of the tasks. For example, both fourth and eighth grade students reported
somewhat low confidence levels regarding their ability to identify the role of plants as
producers in an aquarium ecosystem (Task 2), even though 81.3% of fourth grade
students and 92.5% of eighth grade students responded correctly to the forced-choice
portion of the task. Furthermore, students’ perceived confidence was higher on Task 8

120

compared to any other task on the assessment. In regards to Task 8, students seemed to be
confident in their ability to identify what will happen to an organism when its food source
is removed. However, only 25% of fourth grade students and 55% of eighth grade
students identified the starfish as being most affected upon removal of the mollusks from
the ecosystem. Therefore, many students might have had a false sense of confidence
when responding to Task 8. Because students’ confidence ratings generally did not
closely align with the degree of their understandings of the energy flow concepts
presented in the assessment instrument, these results are not particularly helpful in
characterizing fourth and eighth grade students perceived confidence versus their level of
understanding.
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Chapter Five: Discussion of Results, Implications, and Conclusions
In this chapter, a discussion of study findings underscores differences in fourth
and eighth grade outcomes and is juxtaposed with findings from previous research.
Conclusions, implications, and study limitations also are discussed and recommendations
for future research are presented.
Summary
The purpose of this study was to investigate fourth and eighth grade students’
understanding of concepts relating to energy flow through ecosystems. Specifically, the
study focused on roles of organisms in ecosystems, the sun as original energy source for
most ecosystems, and interdependency of organisms in ecosystems. Additionally, the
study compared students’ conceptions to key standards-based conceptions students
should hold at these grade levels, as identified by the National Science Education
Standards (NSES) (National Research Council [NRC], 1996), the Benchmarks for
Science Literacy (American Association for the Advancement of Science [AAAS], 1993),
and the Next Generation Science Standards (NGSS) (NGSS Lead States, 2013). Three
research questions guided the study:
1. What are fourth grade students’ understandings of selected concepts on energy
flow through an ecosystem prior to instruction?
2. What are eighth grade students’ understandings of selected concepts on energy
flow through an ecosystem after completing four and a half years of standards-based
instruction?
3. How do students’ conceptions of energy flow through an ecosystem differ across
the two grade levels (fourth and eighth grade)?
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4. How do fourth and eighth grade students’ conceptions of energy flow through
ecosystems compare to national standards recommendations?
The following section summarizes the findings in relation to these four research
questions.
Discussion of Findings
A summarized discussion of the study results follows. The nine assessment tasks
have been organized into three sections: 1) roles of organisms in ecosystems (Tasks 13); 2) the original source of energy for ecosystems (Tasks 4-6); and 3) interdependency
between organisms in ecosystems (Tasks 7-9). Scientifically accepted conceptions were
drawn from the National Science Education Standards (NSES) (National Research
Council [NRC], 1996), the Benchmarks for Science Literacy (American Association for
the Advancement of Science [AAAS], 1993), and the Next Generation Science Standards
(NGSS) (NGSS Lead States, 2013). Results from this study of fourth and eighth grade
students’ conceptions of energy flow through ecosystems revealed numerous conceptual
misunderstandings regarding the roles of organisms, the sun as the original energy source
for ecosystems, and interdependency among organisms in ecosystems. In addition, some
of the conceptual misunderstandings prevalent in fourth grade students’ responses also
were apparent in eighth grade students’ responses.
Tasks 1-3: Roles of organisms. The NGSS (NGSS Lead States, 2013) specify that
by the end of fifth grade students should be familiar with the meaning of the terms
producer, consumer, and decomposer and the roles of each of these organisms in their
environments. By the end of eighth grade students should understand that producers use
light energy to make food from water and carbon dioxide and that animals are consumers
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who obtain energy from eating other organisms. However, studies show that students at
all levels of K-12 education struggle with these concepts (e.g., Hogan and Fisherkeller,
1996; Jin & Anderson, 2012; Munson, 1994; Özkan, et al., 2004; Özay and Öztas, 2003;
Stavy, et al., 1987). In the current study, students in grades four and eight demonstrated
success at recognizing more basic information, such as identifying the consumer and
producer in an aquarium ecosystem (Tasks 1 and 2 respectively); however, their written
responses revealed numerous noteworthy conceptual misunderstandings.
The first specific area of concern regarding the roles of organisms involved fourth
and eighth grade students’ understanding of role of producers in an aquarium ecosystem.
The NGSS (NGSS Lead States, 2013) specify that by the end of eighth grade students
should understand that producers use light energy to make food from water and carbon
dioxide. For the current study, both fourth and eighth grade students demonstrated
moderate success on the forced-choice portion of the assessment task in recognizing that
plants make their own food by converting light energy into chemical energy. However, a
common conceptual misunderstanding that emerged from students’ supporting written
responses was that photosynthesizers (algae and/or plants) rely on other substances (i.e.,
sun, water, gravel, nutrients, other organisms, or waste and dirt from other organisms) for
food rather than relying of specific materials in the environment to make their own food.
The emergence of this conceptual misunderstanding in the current study supports
findings from other studies (e.g., Carlsson, 2002; Magntorn & Helldén, 2007; WoodRobinson, 1991), in which students also believed that plants get food from other sources,
such as soil. Vocabulary in the current study also appeared to be an issue for the fourth
grade students, who were more likely to demonstrate difficulty with identifying plants as
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consumers rather than producers, and with identifying light as a material needed for
photosynthesis, rather than the energy source that drives the process. These findings
support findings from other studies (e.g., Stavy et al., 1987; Özay & Öztas, 2003). For
example, Stavy et al. found that few of the 33 Israeli eighth and ninth grade students
(ages 13-15) they interviewed identified plants as producers, and those who did were
unable to explain what plants produce or identify the raw materials that are used in the
process. Eighth grade students in the current study had less difficulty with this topic, thus
suggesting that the instruction students receive is partially responsible for helping
students differentiate between the terms producer and consumer.
The role of decomposers (Task 3) was another conceptual area of concern,
particularly for fourth grade students in the current study. Approximately 13% of fourth
grade students held the notion that the term decomposer means an organism that breaks
down after it dies, rather than an organism that is breaking down other organisms to
satisfy its own energy requirements. Both fourth and eighth grade students demonstrated
the teleological view that decomposers were created to make food for other organisms,
rather than decomposers break down dead organisms to satisfy their own energy
requirements. These conceptual misunderstandings reveal that, though students may be
able to correctly identify decomposers in an ecosystem, they demonstrate difficulty with
explaining how and why the decomposition process occurs.
The findings from the current study regarding students’ conceptual difficulties
with understanding the role of decomposers in ecosystems are on par with findings from
similar studies (e.g., Hogan and Fisherkeller, 1996; Jin & Anderson, 2012; Özkan, et al.,
2004). For example, Hogan and Fisherkeller found that the fifth and sixth grade urban
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Mid-Atlantic students they interviewed did not have a scientific understanding of the role
of decomposers in an ecosystem; some students thought things that were once living
simply disappear. Likewise, the seventh graders that Özkan et al. studied demonstrated
the conceptual misunderstanding that decomposers are only found on dead organisms and
the teleological view that they eat dead organisms to keep the environment clean.
Similarly, Jin and Anderson found that many of the elementary through secondary level
students that they assessed held the teleological view that decomposers are simply agents
of destruction that don’t benefit in any way from the organisms on which they are found,
such as trees. Thus, teleological thinking and other noteworthy conceptual
misunderstandings regarding the roles of decomposers in ecosystems are prevalent in the
current study, as well as in other reported studies from the elementary through secondary
levels.
Tasks 4-6: Original Energy Source for Ecosystems. The NGSS (NGSS Lead
States, 2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993) specify by the end
of second grade students should understand that animals rely on plants or other animals
for food and plants depend on air, water, soil minerals, and light to grow. Different plants
experience different levels of success in various environments depending on their
differing needs for sunlight, water, and other materials. The places where organisms live
often change, and these changes can cause organisms to die. By the end of fifth grade
students should understand that thriving ecosystems include organisms whose needs are
being met. Students also are expected to know that when the balance of the ecosystem is
disrupted, such as when an invasive species is introduced into the ecosystem or a severe
drought occurs, the needs of some organisms might not be met and as a result, some
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organisms or species may die. By the end of eighth grade students should understand that
producers use light energy to make food from water and carbon dioxide. This food can
either be used by the organisms immediately or stored for later use.
In the current study students in both grades four and eight demonstrated success at
identifying the sun as the original energy source for most terrestrial ecosystems (Task 4),
but they demonstrated conceptual difficulties identifying materials plants need for
photosynthesis (Task 5) and what they do with the resulting carbohydrate produced (Task
6). This supports findings from similar studies (e.g., Hogan & Fisherkeller, 1996;
Marmaroti & Galanopoulou, 2006). For example, the 13 year-old Greek students that
Marmaroti and Galanopoulou assessed also were able to identify the sun as the energy
source for photosynthesis, but demonstrated difficulty when asked to identify the type of
energy the sun provided plants for this process. Hogan and Fisherkeller reported similar
findings from their interviews with fifth and sixth grade urban U.S. students. Specifically,
children at this level had difficulty correctly identifying the role of sunlight in an
ecosystem.
Supporting written explanations in the current study also indicated the
misunderstanding that, in addition to sunlight, water and soil are additional energy
sources available to plants in ecosystems (Task 5). These ideas match conclusions made
by early scientists. Based on his findings from an experiment on the source of a plant’s
mass, Jean Baptiste van Helmont, a sixteenth century Flemish chemist and physiologist,
concluded the weight a plant gains while it grows is attributed (at least in part) to water
the plant absorbs. Since then, scientists have learned that it is the gas plants absorb for
photosynthesis that serves as the major source for plant growth. Svendova’s (2014)
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findings of Czech students ages 11-16 mirror van Helmont’s conclusions. Students in
Svendova’s study believed the most significant food source for plants is water with
dissolved mineral substances. This conceptual misunderstanding became more apparent
in Task 6 of the current study when students were asked to predict what would happen if
the light was greatly diminished in the ecosystem. Many students revealed the naïve
notion that in this circumstance, plants could select alternative energy sources, such as
water and soil, to substitute for diminished levels of light (Task 6). Eighth grade students
sharing this misunderstanding often noted that a single plant, rather than a population
over time, could adapt to rely on an alternative energy source to make food.
Although both fourth and eighth grade students in the current study struggled to
accurately explain what would happen to plants if the amount of light in an ecosystem
were to decrease, the eighth grade students demonstrated more sophisticated reasoning
than the fourth grade students. While their answer choices were incorrect, the eighth
grade students’ responses revealed their ability to apply other concepts learned in science,
such as adaptation, to attempt to explain the effect of diminished light on plant growth.
Thus, more intentional connection of concepts, such as photosynthesis, adaptation, and
acclimatization during classroom instruction might help students build scientific
understanding of phenomena such as those assessed in the current study.
Tasks 7-9: Interdependency between Organisms in Ecosystems. The NGSS
(NGSS Lead States, 2013) specify that by the end of fifth grade students should
demonstrate the understanding that organisms are interconnected in food webs, and the
food of almost all organisms can be traced back to plants. By the end of eighth grade
students should demonstrate the understanding that organisms and populations of
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organisms are dependent on both biotic and abiotic environmental factors. Within
ecosystems, competition, predation, and mutually beneficial interactions occur, ultimately
affecting the balance of organisms of each species. Food webs are models that show how
energy and matter are transferred among organisms and the environment. When any part
of the ecosystem is disrupted, all of the populations within the food web may be affected.
Other studies have found that students at all levels of K-12 education struggle
with concepts related to the interdependency of organisms in ecosystems (e.g., Adeniyi,
1985; Barman & Mayer, 1994; Gotwals & Songer, 2010; Hogan, 2000; Hogan and
Fisherkeller, 1996; Jin & Anderson, 2012; Marek, 1986; Munson, 1994; Özkan, et al.,
2004; Özay and Öztas, 2003; Reiner & Eliam, 2001; Stavy et al., 1987). Fourth and
eighth grade students in the current study demonstrated strong abilities to predict changes
in populations indirectly connected to a population removed from a food web. However,
they—particularly fourth grade students—somewhat surprisingly experienced more
difficulty identifying the effect of removing a directly linked population from a food web
and of energy flow in a food chain. Furthermore, their supporting written explanations for
the answer choices they selected included numerous noteworthy conceptual
misunderstandings. Like the 13-15 year-old students Adeniyi studied, the fourth and
eighth grade students in the current study experienced difficulty regarding energy transfer
from one trophic level to the next in food chains and food webs. Specifically, students in
the current study demonstrated the conceptual misunderstanding that all energy is passed
from one trophic level to the next in feeding relationships (Task 7). Students at both
grade levels also demonstrated the conceptual misunderstanding that there are typically
more tertiary consumers and than secondary consumers in ecosystems—in other words,
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the higher the trophic level, the more organisms that are present in the ecosystem (Task
7).
The findings from the current study also indicated that fourth and eighth grade
students hold several noteworthy conceptual misunderstandings regarding the effect of
removing a directly linked population from a food web (Task 8). The first of these
misunderstandings is that the number of food sources lost in a food web determines the
negative effect on the predatory population, even if one population only has one food
source. Nearly 40% of fourth grade students and over 30% of eighth grade students
believed that the impact on different populations in an ecosystem would be the same,
regardless of the number of food sources for each population, if each population lost one
food source. In addition, approximately 8% eighth grade students believed that an
organism that lost two of its three food sources would be more affected than an organism
that lost its only food source. The second conceptual misunderstanding, which was
demonstrated by 6.3% of fourth grade students, is that the number of arrows pointing to a
represented population in a food web increases the status of a negative effect. In other
words, the more arrows that are pointing towards an organism in the food web, the more
affected it would be if a change were to occur in the ecosystem. Finally, nearly 10% of
fourth grade students demonstrated conceptual difficulty regarding the direction of
energy flow in a food web. These students believed that the more arrows that are pointing
to an organism in a food web, the more affected it would be if a change in the ecosystem
were to occur (Task 8).
Like students in the current study, Marek (1986) found that the tenth grade
students he studied had sufficient knowledge to reason correct responses on objective
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examinations, but their limited understanding of food webs and food chains was
insufficient for them to adequately describe the interactions among organisms in a food
chain or food web. It is also worth noting that students in the current study, like those in
Marek’s study, demonstrated significantly greater success at answering the forced-choice
portion of each assessment task than providing scientific support in written form. Thus,
we can conclude that the use of exclusively forced-choice assessments can lead to an
increase in false positive responses and, thus, mask conceptual difficulties that students
may be experiencing (Tamir, 1989; Treagust, 1988).
Given that students in the current study struggled with understanding the impact
that removing a directly linked population would have on populations in a food web, it is
not surprising that students at both the fourth and eighth grade level also demonstrated
conceptual difficulty regarding the effect of removing an indirectly linked population
from a food web (Task 9). Of these conceptual misunderstandings, the most prevalent,
which was shared by over 20% of fourth grade students and nearly 20% of eighth grade
students, was that a change in one population in a food web does not affect another
population in the same food web unless they are directly linked.
Fourth grade students also demonstrated additional conceptual misunderstandings
about interdependency between organisms in ecosystems that were not demonstrated by
eighth grade students. Nearly 13% of fourth grade students demonstrated the conceptual
misunderstanding that a decrease in a tertiary consumer in a food web would lead to an
increase in a primary consumer population and also demonstrated difficulty with
identifying who eats whom in a food web. Approximately 13% of fourth grade students
believed that a population would die if another indirectly linked population were removed
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from the ecosystem, even if the first population had other food sources available. Finally,
nearly 10% of fourth grade students indicated that a tertiary consumer ate a primary
consumer, though they were not directly linked in the food web.
These findings support findings from other studies (e.g., Barman & Mayer, 1994;
Gotwals & Songer, 2010; Hogan, 2000; Reiner & Eliam, 2001) that document students’
difficulty with explaining how the removal of one organism from a food chain or food
web affects other organisms in the ecosystem. For example, many of the ninth grade
Israeli students in Reiner and Eliam’s study believed that if one organism was removed
from a food chain then all organisms below that organism would increase and all
organisms above it would disappear from the ecosystem. In addition, Barman and Mayer
(1994) found that high school students struggled with providing scientific explanations of
how a change in one population in a food web affected other populations in the food web.
If high school students struggle with these concepts, it is understandable that fourth and
eighth grade students might as well. Additionally, other studies (e.g., Demetriou,
Korfiatis, & Constantinou; Hogan, 2000; White, 2000) have documented that students
who hold conceptual misunderstandings about trophic relations also experience difficulty
with understanding more complex ecological processes and environmental issues, such as
the effects of an oil spill on an aquatic environment. Thus, it is concerning that students
in the current study, even at the eighth grade level, struggled with these basic concepts
related to energy flow in ecosystems.
Summary of Results
Overall, eighth grade students performed better than their fourth grade
counterparts on most of the nine assessment tasks in the current study which, at least in
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part, can likely be attributed to the standards-based classroom instruction that students
received between grades four and eight. More specifically, eighth grade students
demonstrated a greater understanding of 1) the roles of producers and decomposers in
ecosystems; 2) energy flow in food chains; and 3) the effect of removing either a directly
or indirectly linked population from a food web.
Most of the fourth and eighth grade students sampled were able to correctly
identify the sun as the original energy source for ecosystems; however, they lacked the
ability to explain in depth the meaning of the phrases that they have memorized. Specific
areas of concern include: 1) ability to explain the meaning of the sun as the original
energy source for most ecosystems; 2) difficulty distinguishing between the terms adapt
and acclimatize; 3) understanding plants’ behavior in dark environments.
Although eighth grade students’ written responses tended to offer greater detail
than their fourth grade counterparts, the number of scientific responses at both grade
levels for all topics assessed was disappointingly low. In relation to national standards,
specifically the Benchmarks (AAAS, 1993)—the standards most closely aligned with the
state standards used by the school in the current study—fourth grade students
demonstrated a limited understanding of the energy source that organisms need to live
and grow. Eighth grade students demonstrated conceptual difficulty with: 1)
differentiating between cycling of matter and energy flow; 2) understanding how energy
in food molecules is transferred among organisms; and 3) understanding how specific
matter and energy are used by populations to function.
It is important to note that students received instruction in their science classes
that was closely aligned with state standards. However, the majority of the ecology
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instruction students receive is in grades five and six. Thus, it is understandable that fourth
grade students may not meet the standards assessed in this study. It is also possible that
eighth grade students may have forgotten many of the concepts since they completed the
assessment instrument for the current study at least two years after they received
instruction on the topics assessed. The units of study they completed at the time included
learning experiences that focused on content, vocabulary, and hands-on investigations,
but responses from the survey indicate some loss of learning between sixth and eighth
grade. This may also explain, in part, why previous studies, along with the current study,
reveal that students’ understanding of concepts related to energy flow in ecosystems is
not at the level at which it should be, according to the NGSS (NGSS Lead States, 2013),
the NSES (NRC, 1996), and Benchmarks (AAAS, 1993).
Discussion of Implications
Poor student performance in research studies (e.g., Marek, 1986) and on
assessments such as the National Assessment for Educational Progress (NAEP) (Grigg,
Lauko, & Brockway, 2006) suggest that current classroom ecology instruction does not
result in student understanding that meets national standards outlined in the NGSS (NGSS
Lead States, 2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993). Thus, an
important question that arises from this and other similar studies is how to use research
on students’ conceptual understandings and misunderstandings about energy flow
through ecosystems to enhance student understanding and increase proficiency. Findings
of the current study can be of use to curriculum developers and science educators, in
regards to both instruction and assessment. It is important for educators to understand that
students do not enter classrooms as empty vessels waiting to be filled with knowledge
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but, rather, arrive with numerous tenacious understandings that are contrary to accepted
scientific norms (Driver & Erikson, 1973; Nussbaum & Novak, 1976; Osborne &
Freyberg, 1985, Stavy, 1991; Wandersee, Mintzes, & Novak, 1994). It is, therefore,
important that educators assess students’ conceptual understandings prior to instruction
so that lessons and learning activities can target students’ conceptual misunderstandings
and build on prior scientific knowledge. Several studies show that students’ performance
on ecology assessments were higher when students were offered first-hand (e.g., Ajewole
& Okebukola, 1988; Hamilton-Ekeke, 2007; Magntorn & Helldén, 2007) or guided
discovery experiences with organisms in their natural habitats instead of expository
instruction. The current study could be utilized by researchers who are interested in
developing learning progressions related to energy flow through ecosystems, as well as
educators and curriculum developers who are interested in developing standards-based
ecological learning experiences for students in grades four through eight. Furthermore,
instructors could use the individual assessment tasks used in this study to monitor
changes in student learning.
Other studies (e.g., Barrass, 1984) reveal that textbooks may promote the
development of conceptual misunderstandings. For instance, students’ confusion with the
terms adapt and acclimatize in the current study is an example of how terminology used
in science classrooms and in textbooks can foster conceptual difficulties for children in
their early years of learning. The current study did not investigate the effect of a specific
type of instruction on students’ conceptual understandings. Thus, a next logical step
would be to use the findings from this study to develop curricula that targets students’
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specific conceptual misunderstandings and test the effect the curricula has on students’
ecological understanding.
Findings of this study may also be of use to science teacher educators.
Considering that students hold numerous conceptual misunderstandings regarding energy
flow through ecosystems, it is possible that pre-service and in-service teachers hold
similar conceptual misunderstandings. Findings from the current study could inform
college science methods courses and professional development sessions in an attempt to
address teachers’ conceptual misunderstandings.
In addition to the stakeholders mentioned above, findings from this study should
be of interest to policy makers. Increased accountability through high-stakes testing and a
de-emphasis on environmental education in relation to literacy and mathematics has led
to a decrease in funding for teaching science which has, in turn, placed limits on teachers’
ability to offer authentic learning experiences related to environmental education
(Gruenewald & Manteaw, 2007). Furthermore, national policies, such as the No Child
Left Behind Act, emphasize high-stakes testing as a measure of student proficiency. Are
there other ways to more accurately measure student proficiency? Furthermore, would a
more balanced approach to assessing science in relation to other content areas, such as
literacy and mathematics, lead to increased student proficiency? It is important that
policy makers consider these questions carefully, given the critical importance of
environmental issues, such as the depletion of natural resources, global climate change,
and air and water quality. More studies such as the current study could help persuade
policy makers of the importance of restoring balance and necessary funding in our
classrooms.

136

Study Limitations
Despite careful planning of this study and the input of numerous experienced
researchers, there are several noteworthy limitations to this study. First, the sample size
was somewhat small (n = 72). This was, in part, a consequence of choosing a small
school for the location of the study. Of the 110 students (54 fourth grade, 56 eighth
grade) who were asked to participate in the study, 65.6% chose to do so. Another
limitation in the study was that the school chosen for the study is a performance arts
school. Though there are no academic requirements for admission into the school chosen
for the study, its demographics do not closely match the demographics of other schools in
the same district in regards to academic achievement, diversity, and socioeconomic level.
A third limitation is that students in the current study receive standards-based science
instruction, either daily or every other day for an extended class period, beginning in
fourth grade. This is not typical for other schools in the same district, many whom offer
sporadic, or sometimes no science instruction during an entire school year. Given these
limitations, more research is needed to accurately characterize fourth and eighth grade
students’ conceptual understandings of energy flow through ecosystems and how their
understandings compare to national standards outlined in the NGSS (NGSS Lead States,
2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993). Testing more students in
different schools could not only make the findings more generalizable but could also
increase the validity of the assessment instrument used in the study.
Conclusions and Areas for Further Study
The results from this study suggest that many of the students sampled experienced
difficulty with key standards-based science concepts concerning energy flow through an
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ecosystem that they should know by the end of eighth grade, according to the NGSS
(NGSS Lead States, 2013), the NSES (NRC, 1996), and Benchmarks (AAAS, 1993).
Furthermore, students’ responses often reflected similar conceptual misunderstandings
that elementary and middle school students have demonstrated in previous research
studies on energy flow through an ecosystem (e.g., Adeniyi, 1985; Griffiths & Grant,
1985; Leach et al., 1996; Munson, 1994; Özay and Öztas, 2003; Özkan et al., 2004;
Stavy, et al., 1987; Svendova, 2014). These findings are concerning, considering that
these concepts are fundamental to understanding energy flow in an ecosystem, are
important building blocks for further studies in life science, and are critical to
understanding complex environmental issues, such as the effects of global warming and
pollution on biodiversity (Alexander, 1982). Furthermore, an understanding of energy
flow in ecosystems is broadly applicable across scientific and engineering disciplines,
such as biotechnology and medicine and, therefore, it is critically important that students
build their understanding of this topic at the K-12 level.
According to the Organisation for Economic Co-operation and Development
(OECD) (2009), American student achievement in science at the elementary and middle
school levels has remained disappointingly low and has shown little change at the
proficient and advanced levels over the past decade. Poor student proficiency on the 2005
National Assessment for Educational Progress (NAEP) (Grigg, Lauko, & Brockway,
2006), particularly regarding energy flow through ecosystems, suggests the likelihood
that elementary and middle school students beyond the population sampled also might
struggle with these concepts. Students sampled in the current study might be considered
somewhat atypical due to their artistic giftedness and the daily science instruction they

138

receive beginning in fourth grade. However, this study reveals that some of their
knowledge and conceptual misunderstandings match similar findings from other
noteworthy studies (e.g., Barman & Mayer, 1994; Carlsson, 2002; Gotwals & Songer,
2010; Hogan, 2000; Hogan and Fisherkeller, 1996; Jin & Anderson, 2012; Magntorn &
Helldén, 2007; Marek, 1986; Marmaroti & Galanopoulou, 2006; Özkan, et al., 2004;
Reiner & Eliam, 2001; Wood-Robinson, 1991). Additional research on other elementary
and middle school students could reveal the pervasiveness of these conceptual
misunderstandings.
This study also adds to the growing body of research on elementary and middle
school students’ understandings of life science concepts. Based on the findings from the
current study and other studies discussed earlier in the paper (e.g., Adeniyi, 1985;
Griffiths & Grant, 1985; Leach et al., 1996; Munson, 1994; Özay and Öztas, 2003; Özkan
et al., 2004; Stavy et al., 1987; Svendova, 2014), further research is needed to
characterize elementary and middle school students’ understandings of energy flow
through ecosystems. Specifically, additional research is needed to clarify students’
understanding of: 1) roles of organisms in ecosystems; 2) the original source of energy
for ecosystems; and 3) interdependency between organisms in ecosystems. Analysis of
student interviews that were conducted as part of the current study, but not included in
the data analyses for this dissertation, will also add to the growing body of knowledge
about elementary and middle school students’ understandings of standards-based energy
flow concepts.

Copyright © Ashlie Beals Arkwright 2014
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APPENDIX A: ASSESSMENT TASK SCORING RUBRICS
Task 1:
Which of the following relies on other organisms for food in this aquarium ecosystem
[see Table 1]?
A. water
B. snails
C. plants
D. algae
E. gravel
5 – Scientific & in depth response:
o Snails rely on (eat) other organisms for food/called consumers
o Plants and algae are producers/rely on sun for energy
o Abiotic factors (rocks and water) are not living
4 – Scientific, but not in-depth
o Snails rely on (eat) other organisms for food/called consumers
 May include scientific justification for selecting correct response and not
other options
 May make connection between snails and fish as consumers
 May include correct scientific reasoning in rationale to correctly eliminate
a response

3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Snails without justification; does not discuss role of snail consuming/eating other
organisms
o Includes some overgeneralizations in rationale or poor justification
 May choose snails, since fish was not an option
 May include correct scientific reasoning in rationale to correctly eliminate
a response
 May indicate no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Snails without justification; does not discuss role of snail consuming/eating other
organisms
o Includes some inaccuracies or conceptual misunderstandings in rationale
 May choose snails, since fish was not an option
 Confusion with plants using sources from the environment as food rather
than plants making food from these resources
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Rationale may include correct scientific reasoning to correctly eliminate a
response
May state no other viable options

OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 2:
Which of the following is true for a plant in the aquarium ecosystem shown on the
previous page [see Table 2]?
A. Gets its energy from other organisms in the environment
B. Gets its energy by eating dead or once living matter
C. Breaks down dead matter into its simplest forms
D. Makes its own food by converting light energy to chemical energy
E. Gets its energy from the mold and bacteria
5 – Scientific & in depth response:
o Plants make their own food through photosynthesis by converting light energy
(from the sun) to chemical energy
o Plants (and algae) are producers/rely on sun for energy
 Includes scientific justification for selecting correct response and not other
options
 May describe abiotic factors involved in photosynthesis include sunlight,
carbon dioxide, and water
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4 – Scientific, but not in-depth
o Plants make their own food/photosynthesize with justification
 May add: by converting light energy (from the sun) to chemical energy
 May make connection between sunlight and photosynthesis
 May provide scientific rationale to select or eliminate responses
 May indicate no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Plants make their own food/photosynthesize without justification
o Includes some overgeneralizations in rationale, or poor justification
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May mention, but does not elaborate on, the process of photosynthesis
 May indicate no other viable options
OR
 Tangential response containing no non-scientific conceptions with
accompanying correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Includes some inaccuracies or conceptual misunderstandings in rationale (e.g.,
incorrectly uses the term “energy” in place of the word “food”)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May mention, but does not elaborate on, the process of photosynthesis
 May indicate no other viable options
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
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OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 3:
Which of the following organisms in the aquarium ecosystem figure on the previous page
[see Table 2] are classified as decomposers?
A. fish and snails
B. mold and bacteria
C. plants and algae
D. gravel and soil
E. all of the above
5– Scientific & in depth response:
o Decomposers break down organisms/organic matter (may mention into a simpler
form)
o Fungi and bacteria are decomposers and eat/feed on or rely on other organisms for
food/energy
o Scientific justification for selecting correct response and not other options
4 – Scientific, but not in-depth
o Decomposers eat/decompose/break down other organisms
 May only provide scientific rationale to select or eliminate responses
 May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Response lacks justification (e.g., simply states that bacteria and mold are
decomposers)
o Includes overgeneralizations (e.g., break down stuff/things/substances) in
rationale, or poor justification
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response lacks justification (e.g., simply states that bacteria and mold are
decomposers)
o Includes some inaccuracies or conceptual misunderstandings in rationale
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Rationale may include correct scientific reasoning to correctly eliminate a
response
May state no other viable options

OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 4:
What is the original energy source for all of the food webs in a forest?
A. sunlight
B. soil
C. water
D. air
E. trees
5 – Scientific & in depth response:
o Plants use the sun’s energy to make their own food (may mention through the
process of photosynthesis)
o Sun is at the beginning of most food chains/webs OR forest food /chain webs
o Scientific justification for selecting correct response and not other options
 May mention that plants convert the sun’s light energy into chemical
energy
 May describe/provide example of how energy moves from one organism
to another in a food chains/web
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4 – Scientific, but not in-depth
o Plants use the sun to make their own food/energy (may mention through the
process of photosynthesis)
 May describe energy passing from one organism to another without
elaboration
 May make connection between sunlight and photosynthesis
 May provide scientific rationale to select or eliminate responses
o May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Plants photosynthesize or use sunlight to make their own food without
justification
OR
o Describes energy passing from one organism to another without elaboration
o Includes some over-generalizations, missing information in rationale, or poor
justification without inaccuracies
 May include correct scientific reasoning to correctly eliminate a response
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Includes some inaccuracies or conceptual misunderstandings in rationale (e.g.,
incorrectly uses the term “energy” in place of the word “food”)
 May include correct scientific reasoning to correctly eliminate a response
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
145

o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 5:
Which of the following are necessary for producers to make their own food?
A. sunlight, water, soil
B. sunlight, water, carbon dioxide
C. sunlight, water, oxygen
D. sunlight, water, soil, carbon dioxide
E. sunlight, water, soil, carbon dioxide, oxygen
5– Scientific & in depth response:
o Plants use sunlight (energy source), water and carbon dioxide to create food
[molecules] (carbohydrates) during photosynthesis
o Explanation of how substances are taken into the plant (leaves absorb carbon
dioxide, roots absorb water)
o Scientific justification for why soil and oxygen are not needed for photosynthesis
 May mention:
 Photosynthesis takes place in the chloroplasts
 Photosynthesis takes place in the presence of chlorophyll
 Plants get their energy by breaking down their own food
 Oxygen is used in respiration, not photosynthesis
4 – Scientific, but not in-depth
o Plants use sunlight, water, and carbon dioxide to make their own food
OR
o Sunlight, water, and carbon dioxide are used during photosynthesis
o Response lacks justification
 May only provide scientific rationale to select or eliminate responses
 May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Response lacks specificity (e.g., water is used to grow; uses term producers
instead of plants)
o Response lacks justification and contains overgeneralizations (e.g., plants need
these things to live)
 Rationale may include correct scientific reasoning to eliminate a response
 May state no other viable options
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OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response includes some inaccuracies (e.g., uses the term food instead of energy)
or conceptual misunderstandings in rationale (e.g., soil is needed for
photosynthesis)
 Rationale may include correct scientific reasoning to eliminate a response
 May state no other viable options
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 6
If the amount of sunlight in an ecosystem suddenly decreased, which of the following
would MOST likely occur?
A. Plants would initially grow taller, but would eventually die.
B. Plants would put more energy into growing taller.
C. Plants would immediately begin to die.
D. Plants would consume more water to make food.
E. Plants would rely more on other substances in the environment to make food.
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5– Scientific & in depth response:
o Plants store some food that they make (photosynthesis)
o Plants get energy by breaking down the food they make (respiration)
o When placed in a dark environment, plants put more energy into growth
o Plants can live without light/with reduced light as long as they have sufficient
stored food to support life processes; they will die when food supply is exhausted
 May have additional scientific justification for selecting correct response
and not other options
 May provide a real-life example and/or time frame (e.g., what happens
when a board is left on grass for several days)
4 – Scientific, but not in-depth
o Plants make their own food/photosynthesize
o When placed in a dark environment, plants put more energy into growth
o Plants will use their stored food in low light/dark environments
o Plants will eventually die when they run out of food
 May only provide scientific rationale to select or eliminate responses
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Plants can live for awhile in the dark
OR
o Plants can use stored food for energy/plants would try to grow towards the light
when placed in a dark environment
o Includes overgeneralizations in rationale, or poor justification
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response includes some inaccuracies or conceptual misunderstandings (e.g.,
plants would try to substitute one required substance for another or that plants
would try to adapt to the darker environment by growing taller)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
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OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 7
Consider the food chain above [see Table 18]. Which of the following is true?
A. There are probably more hawks than snakes in this community.
B. There are probably more snakes than rabbits in this community.
C. There is probably more energy available to snakes in the form of rabbits than is
available to hawks in the form of snakes.
D. All of the energy in rabbits that are eaten by the snake is passed on to the snake.
E. All of the energy in the rabbits is passed on to the hawk when it eats the snake.
5– Scientific & in depth response:
o Some, but not all, energy is transferred from prey to predator (or organism to
organism) when eaten
o Accurately explains or provides an example of how some energy is “lost” (e.g.,
heat transferred from organism’s body to environment) rather than passed to the
next link in the food chain
o The producer level of a food chain contains the most energy, and the amount of
energy progressively decreases with each successive level
 May provide additional scientific justification for selecting correct
response and not other options
4 – Scientific, but not in-depth
o Energy transfers from prey to predator (or organism to organism) when eaten
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o Response indicates that less energy is available the higher you go up a food chain
or that some energy is “lost” before prey is eaten, but response lacks elaboration
 May only provide scientific rationale to select or eliminate responses
 May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Response simply states a scientific fragment but lacks justification/detail (e.g.,
energy transfers from prey to predator)
o Includes overgeneralizations in rationale, or poor justification (e.g., snakes have
more energy because they are higher up in the food chain)
 May include some imprecise language (e.g., uses the term food instead of
energy)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response includes some inaccuracies or conceptual misunderstandings (e.g.,
snakes have more energy because they are bigger than rabbits)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
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OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 8
If all of the mollusks were removed from the ecosystem shown [see Table20], which
organism/organisms would be MOST affected?
A. small and large fish
B. plankton
C. starfish
D. octopus
E. starfish and octopus
5– Scientific & in depth response:
o Starfish would be most affected/would die because their only food source has
been removed from the ecosystem
o Starfish feed/rely on mollusks for energy
o Octopus (while possibly affected) would continue to have food source (crab and
starfish initially )
o Scientific justification for selecting correct response and not other options
 May describe why other organisms/options would be less affected than
starfish
 May discuss amount of energy available to other organisms in the food
web
4 – Scientific, but not in-depth
o Starfish will die without the mollusk, its (only) food/energy source – must
describe relationship between starfish (predator) and mollusk (prey) in terms of
energy/food source.
 May only provide scientific rationale to select or eliminate other responses
 May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Response lacks justification (e.g., simply states that starfish would be affected
because they eat mollusks)
o Response includes overgeneralizations (e.g., starfish need mollusks to live) in
rationale, or poor justification (e.g., the arrow pointed from the mollusk to the
starfish)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
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2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response includes some inaccuracies or conceptual misunderstandings (e.g.,
octopus and starfish would be equally affected because both lose at least one food
source)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
 Incorrect explanation
OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
Task 9
Suppose all the snakes were removed from this ecosystem [see Table 22]. Which of the
following would you expect to initially happen to the butterfly population?
A. The butterfly population would not change.
B. The butterfly population would increase.
C. The butterfly population would decrease.
D. The butterfly population would initially increase, then decrease.
E. The butterfly population would die.
5– Scientific & in depth response:
o The toad population would increase if their predator, the snakes were removed
from the ecosystem
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o As the toad population increases, the population of their prey, the butterfly (and
the beetle), would decrease
o Scientific justification for selecting correct response and not other options
4 – Scientific, but not in-depth
o There would be more toads to eat butterflies
OR
o The toad population would increase (without its predator) and would eat more of
its prey (butterfly and beetle)
 May state that snakes eat toads and toads eat butterflies, but response lacks
elaboration
 May only provide scientific rationale to select or eliminate responses
 May state no other viable options
3 – Partially scientific (scientific fragments) with no non-scientific conceptions
o Response includes overgeneralizations, or poor justification
 May give an accurate explanation, but one that does not lead to an
accurate response (e.g., butterflies are not directly linked to snakes and,
therefore, would not immediately be affected if snakes are removed from
ecosystem)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Tangential response containing no non-scientific conceptions with accompanying
correct forced-choice selection
2 – Partially scientific (non-scientific fragments) with non-scientific conceptions
o Some portion of the answer (either forced-choice or part of written response) is
incorrect
o Response includes some inaccuracies or conceptual misunderstandings (e.g.,
butterfly population would decrease when something above them in the food
chain is removed)
 Rationale may include correct scientific reasoning to correctly eliminate a
response
 May state no other viable options
OR
o Correct forced-choice response with no scientific support (e.g., “Ms. _____ taught
me this” or “I learned it from t.v.”)
1 – Non-scientific rationale
o Correct or incorrect forced-choice response with one or more of the following:
 Inaccurate or non-scientific justification or use of graphic rather than
scientific reasoning to justify response
 Process of elimination using nonscientific justification
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Incorrect explanation

OR
o Incorrect forced-choice response with no scientific support (e.g., “Ms. _____
taught me this” or “I learned it from t.v.”)
0 – Illegible/Non-codable/no response
o Response does not make sense
o Guess/“process of elimination” (e.g., process of elimination without justification
or scientific reasoning)
OR
o Correct forced-choice response with no written response or guess/process of
elimination
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APPENDIX B: INSTITUTIONAL REVIEW BOARD APPROVAL LETTER AND
CONSENT FORMS

155

156

157

158

159

160

References
Abell, S. K., & Roth, M. (1995). Reflections on a fifth-grade life science lesson:
making sense of children’s understanding of scientific models. International
Journal of Science Education, 17(1), 59-74.
Abimbola, I. (1988). The problem of terminology in the study of student conceptions in
science. Science Education, 72(2), 175-184.
Adeniyi, E. O. (1985). Misconceptions of selected ecological concepts held by some
Nigerian students. Journal of Biological Education, 19(4), 311-316.
Ajewole G. A., & Okebukola, P. A. O. (1988). The relative effectiveness of the discovery
and expository instructional methods on retention of biological concepts. Nigeria
Educational Forum, 11(1), 77-82.
Alexander, S. K. (1982). Food web analysis: An ecosystem approach. The American
Biology Teacher, 44, 190-198.
American Association for the Advancement of Science. (1993). Benchmarks for science
literacy. Oxford: Oxford University Press.
Anderson, R. A. (2002). Reforming science teaching: what research says about inquiry.
Journal of Science Teacher Education, 13(1), 1-12.
Ausubel, D. P. (1968). Educational psychology: A cognitive view. New York: Holt,
Reinhart, and Winston.
Barman, C. R., & Mayer, D.A. (1994). An analysis of high school students’ concepts &
textbook presentations of food chains and food webs. The American Biology
Teacher, 56(3), 160-163.
Barrass, R. (1984). Some misconceptions and misunderstandings perpetuated by teachers
and textbooks of biology. Journal of Biological Education, 18(3), 201-206.
Bell, B. (1985). Students’ ideas about plant nutrition: what are they? Journal of
Biological Education, 19(3), 213-218.
Bond, T. G. & Fox. C. M. (2007). Applying the Rasch Model: Fundamental Measurement
in the Human Sciences, 2nd Edition. Mahwah, NJ: Lawrence Erlbaum Associates,
Publishers.
Boone, W. J., Staver, J. R., & Yale, M.S. (2014). Rasch analysis in the human sciences.
Dordrecht: Springer.

161

Bransford, J., Brown, A., & Cocking, R. (1999). How people learn: brain, mind,
experience, and school. Washington, D.C.: National Academy Press.
Cañal, P. (1999). Photosynthesis and ‘inverse respiration in plants: an inevitable
misconception? International Journal of Science Education, 21(4), 363-371.
Carey, S. (1985). Conceptual change in childhood. Cambridge, MA: MIT Press.
Carey, S. (1991). Knowledge acquisition: Enrichment or conceptual change? In S. Carey
& R. Gelman (Eds.), The epigenesis of mind (pp. 257-291). Hillsdale, NJ:
Lawrence Erlbaum Associates.
Carlsson, B. (2002). Ecological understanding1: Ways of experiencing photosynthesis.
International Journal of Science Education, 24(7), 681-699.
Chi, M. T. H. (1992). Conceptual change within and across ontological categories:
Examples from learning and discovery in science. In R. N. Giere (Ed.), Cognitive
models of science: Vol. 15. Minnesota studies in the philosophy of science (pp.
129-186) Minneapolis, MN: University of Minnesota Press.
Chi, M. T. H., & Slotta, J. D. (1993). The ontological coherence of intuitive physics.
Cognition and Instruction, 10(2-3), 249-260.
Clough, E. E., & Wood-Robinson, C. (1985). How secondary students interpret instances
of biological adaptation. Journal of Biological Education, 19, 125–130.
Coffey, A., & Atkinson, P. (1996). Making sense of qualitative data: Complementary
research strategies. Thousand Oaks, CA: SAGE Publications.
Cook, T., & Campbell, D. T. (1979). Quasi-experimentation: Design and analysis issues
for field settings. Chicago: Rand McNally.
Chen-Yung, L., & Reping, H. (2003). Students’ understanding of energy flow and matter
cycling in the context of the food chain, photosynthesis, and respiration.
International Journal of Science Education, 25(12), 1529-1544.
Dee, T., Jacob, B., & Schwartz, N. L. (2013). The effects of NCLB on school resources
and practices. Educational Evaluation and Policy Analysis, 35(2), 252-279.
Demetriou, D. Korfiatis, K. & Constantinou, C. (2009). A ‘bottom-up’ approach to food
web construction. Journal of Biological Education, 43(4), 181-187.
diSessa, A. A. (1988). Knowledge in pieces. In G. Forman & P. B. Pufall (Eds.),
Constructivism in the computer age (pp. 49-70). Hillsdale, NJ: Lawrence Erlbaum
Associates.

162

diSessa, A. A. (1993). Toward an epistemology of physics. Cognition and instruction, 10,
105-225.
Driver (1989). Students’ conception and the learning of science. International Journal of
Science Education, 11, 481-490.
Driver, R. & Erikson, G. (1983). Theories in action: some theoretical and empirical issues
in the study of students’ conceptual frameworks in science. Studies in Science
Education, 10, 37-60.
Driver, R. Guesne, E. & Tiberghien, A. (1985). Children’s ideas in science. Philadelphia:
Open University Press.
Fischer, G. H. & Molenaar, I. W. (1995). Rasch models: foundations, recent
developments and applications. New York: Springer-Verlag.
Gallegos, L., Jerezano, M. E., & Flores, F. (1994). Preconceptions and Relations used by
children in the construction of food chains. Journal of Research in Science
Teaching, 31(3), 259-272.
Glaser, B. G., & Strauss, A. L. (1967). The discovery of grounded theory: Strategies for
qualitative research. Mill Valley, CA: Sociology Press.
Gotwals, A. W., & Songer, N. B. (2010). Reasoning up and down a food chain: Using an
assessment framework to investigate students’ middle knowledge. Science
Education, 94: 259-281.
Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. In N.
K. Denzin & Y. S. Lincoln (Eds.). Handbook of qualitative research (pp. 105
117). Thousand Oaks, CA: Sage.
Gruenewald, D. A. & Manteaw, B. O. (2007). Oil and water still: how No Child Left
Behind limits and distorts environmental education in US schools. Environmental
Education Research, 13(2), 171-188.
Hamilton-Ekeke, J.-T. (2007). Relative effectiveness of expository and field trip methods
of teaching on students’ achievement in ecology. International Journal of Science
Education; 29(15), 1869-1889.
Hatano, G., & Inagaki, K. (1994). Young children’s naïve theory of biology. Cognition,
50, 171-188.
Hatch, A.J. (2002). Doing Qualitative Research in Educational Settings. Albany, NY:
SUNY Press.
Herron, M. D. (1971). The nature of scientific enquiry. School Review, 79(2), 171-212.

163

Hewson, P. W. (1981). A conceptual change approach to learning science. European
Journal of Science Education, 3(4), 383-396.
Hewson, P., & Hewson, M. (1988). An appropriate conception of teaching science: A
view from studies of science learning. Science Education, 72(5), 597-614.
Hewson, P. W., & Thorley, N. R. (1989). The conditions of conceptual change in the
classroom. International Journal of Science Education, 11(5), 541-553.
Hogan, K. (2000). Assessing students’ systems reasoning in ecology. Journal of
Biological Education, 35(1) 22-28.
Hogan, K., & Fisherkeller, J. (1996). Representing students’ thinking about nutrient
cycling in ecosystems: bidimensional coding of a complex thought. Journal of
Research in Science Teaching, 33(9), 941-970.
Jin, H., & Anderson, C. W. (2012). A learning progression for energy in socio-ecological
systems. Journal of Research in Science Teaching, 49(9), 1149-1180.
Kelemen, D. (1999). The scope of teleological thinking in preschool children. Cognition,
(70), 241-272.
Kelemen, D., Rottman, J., & Seston, R. (2013). Professional physical scientists display
tenacious teleological tendencies: Purpose-based reasoning as a cognitive default.
Journal of Experimental Psychology: General, 142(4), 1074-1083.
Kentucky Department of Education (2006). Core content for science assessment, version
4.1. Retrieved from
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0
CCgQFjAB&url=http%3A%2F%2Feducation.ky.gov%2Fcurriculum%2Fdocs%2
Fdocuments%2Fcca_41_sc_ms.doc&ei=BquEVK2jGoudyASPm4DQBg&usg=A
FQjCNFJ2grgqQHWRCJe9gLTkDWr5ftkyg&bvm=bv.80642063,d.aWw
Kentucky Department of Education (2008). Kentucky program of studies.. Retrieved
from http://education.ky.gov/curriculum/arts/documents/aandh%20pos.pdf
Kuhn, T. (1962). The structure of scientific revolutions. Chicago: Chicago Press.
Leach, J., Driver, R., Scott, P., & Wood-Robinson, C. (1995). Children’s ideas about
ecology 1: Theoretical background, design and methodology. International
Journal of Science Education, 18, 19-34.
Leach, J., Driver, R., Scott, P., & Wood-Robinson, C. (1996). Children’s ideas about
ecology 2: Ideas found in children aged 5-16 about the cycling of matter.
International Journal of Science Education, 18, 19-34.

164

Linacre, J. M. (2012). Winsteps (Version 3.74) [Software]. Available from
http://www.winsteps.com/index.html
Linn, R. L., & Gronlund, N. E. (1995). Measurement and Assessment in Teaching, 7th
edition. Columbus: Prentice Hall.
Lloyd, C. V. & Contreras, N.J. (1985). The role of experiences in learning science
vocabulary. Paper presented at the Annual Meeting of the National Reading
Conference, San Diego, CA.
Magntorn, O. & Helldén, G. (2007). Reading new environments: Students’ ability to
generalize their understanding between different ecosystems. International
Journal of Science Education, 29(1), 67-100.
Marek, E.A. (1986). They misunderstand, but they’ll pass. The Science Teacher, 53, 32
35.
Marmaroti, P., & Galanopoulou, D. (2006). Pupils’ understanding of photosynthesis: a
questionnaire for the simultaneous assessment of all aspects. International
Journal of Science Education, 28(4), 383-403.
Munson, B. H. (1994). Ecological misconceptions. Journal of Environmental Education,
25(4), 30-34.
Nardi, P. M. (2003). Doing Survey Research: A Guide to Quantitative Methods. Boston:
Pearson Education.
National Research Council. (1996). National science education standards. Washington
DC: The National Academies Press.
National Research Council. (1997). Science teaching reconsidered: A handbook.
Washington, DC: The National Academies Press.
NGSS Lead States (2013). Next Generation Science Standards: For states, by states.
Washington, DC.
Nussbaum, J., & Novak, J. D. (1982). Alternative frameworks, conceptual conflict and
accommodation: Toward a principled teaching strategy. Instructional Science, 11,
183-200.
Özdemir G., & Clark, D. B. (2007). An overview of conceptual change theories. Eurasia
Journal of Mathematics, Science & Technology Education, 3(4), 351-361.

165

Özkan, O., Tekkaya, C., & Geban, O. (2004). Facilitating conceptual change in students’
understanding of ecological concepts. Journal of Science Education and
Technology, 13(1), 95-105.
Özay, E. and Öztas, H. (2003) Secondary students’ interpretations of photosynthesis and
plant nutrition. Journal of Biological Education, 37(2), 68-70.
Organisation for Economic Co-operation and Development (2009). Green at fifteen?
How 15-year-olds perform in environmental science and geoscience in PISA
2006. Paris, France.
Osborne, R., & Freyberg, O. (1985). Learning in science: the implications of children’s
science. Aukland, NZ: Hinemann.
Palmer, D. H. (1999). Exploring the link between students’ scientific and nonscientific
conceptions. Science Education, 83, 639-653.
Piaget, J. (1985). Structuralism. New York: Basic Books.
Pines, A. L. & West, L. H. T. (1986). Conceptual understanding and science learning: An
interpretation of research within a sources-of-knowledge framework. Science
Education, 70(5), 583-604.
Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation
of a scientific conception: Toward a theory of conceptual change. Science
Education, 66(2), 211-227.
Rasch, G. (1961). On general laws and the meaning of measurement in psychology,
pp. 321–334 in Proceedings of the Fourth Berkeley Symposium on Mathematical
Statistics and Probability, IV. Berkeley, California: University of California
Press.
Reiner, M., & Eliam, B. (2001). Conceptual classroom environment- A system view of
learning. International Journal of Science Education, 23(6), 551-568.
Scott, P., Asoko, H., & Leach, J. (2007). Student conceptions and conceptual learning in
science. In: S. K. Abell & N. G. Lederman (Eds.), The handbook of research on
science education (pp. 31–56). Mahwah, NJ: Erlbaum.
Simpson, M., & Arnold, B. (1982). The inappropriate use of subsumers in biology
learning. European Journal of Science Education, 4, 173-183.
Smith, E. & Anderson, C. (1986, April). Alternative conceptions of matter cycling in
ecosystems. Paper presented at the annual meeting of the National Association for
Research in Science Teaching, San Francisco, CA.

166

Stavy, R. (1991). Children’s ideas about matter. School Science and Mathematics, 91,
240-244.
Stavy, R., Eisen, Y., & Yaakobi, D. (1987). How students aged 13-15 understand
photosynthesis. International Journal of Science Education, 9(1), 105-115.
Strauss, A., & Corbin, J. (1990). Basics of qualitative research: Grounded theory
procedures and techniques. Newbury Park, CA: Sage.
Svendova, K. (2014). Secondary school students’ misconceptions about photosynthesis
and plant respiration: Preliminary results. Eurasia Journal of Mathematics.
Science & Technology Education, 10(1), 59-67.
Tamir, P. (1989). Some issues related to the use of justifications to forced-choice
answers. Journal of Biological Education, 23(4), 285-292.
Treagust, D. F. (1988). Development and use of diagnostic tests to evaluate students’
misconceptions in science. International Journal of Science Education, 10(2),
159-169.
Trundle, K. C., Atwood, R. K., & Christopher, J. E. (2002). Preservice elementary
teachers’ conceptions of moon phases before and after instruction. Journal of
Research in Science Teaching, 39(7), 633-658.
Vosniadou, S. (1994). Capturing and modeling the process of conceptual change.
Learning and Instruction, 4, 45-69.
Vosniadou, S. (2002). On the nature of naïve physics. In M. Limon & L. Mason (eds.),
Reconsidering conceptual change. Issues in theory and practice (pp. 61-76).
Springer Netherlands.
Vosniadou, S. (2003). Exploring the relationships between conceptual change and
Intentional learning. In G.M. Sinatra & P.R. Pintrich (eds.), Intentional
conceptual change (pp. 377-406). Mahwah, NJ: Erlbaum.
Vosniadou, S. (2008). International handbook of research on conceptual change. New
York: Routledge.
Vosniadou, S., & Brewer, W.F. (1994). Mental models of the day/night cycle. Cognitive
Science, 18, 123-183.
Vosniadou, S., & Ioannides, C. (1998). From conceptual development to science
education: A psychological point of view. International Journal of Science
Education, 20, 1213-1230.

167

Vosniadou, S., & Skopeliti, I. (2005). Developmental shifts in children’s categorization
of the earth. In B.G. Bara, L. Barsalou, & M. Bucciarelli (eds.), Proceedings of
the XXVII Annual Conference of the Cognitive Science Society (pp. 2325-2330).
Wandersee, J. H., Mintzes, J. J., & Novak, J. D. (1994) Research on alternative
conceptions in science. In D.L. Gabel (Ed), Handbook of Research on Science
Teaching and Learning (pp. 177-210). New York: Macmillan.
White, P. (2000). Naïve analysis of food web dynamics: A study of causal judgment
about complex physical systems. Cognitive Science, 24(4), 605-650.
Wood-Robinson, C. (1994). Young people’s ideas about ecology. Studies in Science
Education, 24, 29-47.

168

VITA
AUTHOR’S NAME Ashlie Beals Arkwright
PLACE of BIRTH

Erie, PA

EDUCATION

Rank I, Instruction and Administration
University of Kentucky
August, 2006
Master of Arts, Middle School Education
University of Kentucky
August 2003
Bachelor of Arts, Middle School Education
University of Kentucky
May 2000

WORK
EXPERIENCE

School for the Creative and Performing Arts at Bluegrass
Lexington, KY
August 2000-Present

PUBLICATIONS
Refereed Journal Articles
Beals, A.M., Krall, R.M., & Wymer, C.L. (2012). Energy flow through an Ecosystem:
Conceptions of in-service elementary and middle school teachers. International Journal
of Biology Education. 2(1), 1-18. Available on-line at
http://www.ijobed.com/2_1/vol2issue1art4.pdf.
Beals, A. M., Krall, R. M., (2010). Tried and true: Inquiry-based environmental science
Investigations with the fantastic fruit fly. Science Scope, 33(5), 66-69.
Book Chapters
Beals, A. M., Krall, R. M. (2010). Inquiry-based environmental science investigations with the
fantastic fruit fly. In Liftig, I. (Ed.), Tried and True: Time-Tested Activities for Middle
School (pp. 35-42). NSTA Press.

169

Manuscripts in Preparation
Arkwright, A. B. & Krall, R. M. (in preparation). Eighth grade students’ conceptions of energy
Flow through ecosystems. Journal of Science Teacher Education.
Krall, R. M., Beals, A. (in preparation). Grappling with attrition rates in a distance learning
research project. Teacher-Researcher.

HONORS AND
AWARDS

Lexmark Inspire Teacher Award
March, 2014
Graduate paper award (first place)
STEM Symposium, University of Kentucky
February, 2012

170

